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Abstract: Background: The treatment of complex proximal humerus fractures in elderly patients
is not yet fully elucidated. Of all treatment options, reverse shoulder arthroplasty (RSA) and non-
operative treatment (NOT) appear to provide the best results. Evidence to guide the choice between
the two is sparse. Therefore, this review provides an overview of the available evidence on RSA
versus NOT. Methods: Studies comparing complex proximal humerus fractures in patients aged
>65 years treated either with RSA or NOT were included for systematic review and direct comparison
via pooled analysis of patient-rated outcome and range of motion. Indirect comparison of case
series and non-comparative studies on either treatment was performed separately. Results: Three
comparative studies including 77 patients treated with RSA and 81 treated non-operatively were
analysed. The RSA group scored better for both the Constant–Murley score (mean difference 6 points)
and DASH score (mean difference 8 points). No differences were detected in ASES, PENN score, pain
scores, or range of motion between treatment groups. The most common complications for RSA were
infection (3%), nerve injury (2%), and dislocation (2%). Reoperation was required in 5%. In the NOT
group, common complications included malunion (42%), osteonecrosis (25%), and non-union (3%); no
reoperation was required. Patient satisfaction was equal in both groups. Conclusions: The functional
outcomes and range of motion after RSA seemed satisfactory and potentially superior to NOT in
elderly patients. Patient satisfaction was comparable despite a high malunion and osteonecrosis rate
in the non-operative treatment group, which did not require re-interventions.

Keywords: arthroplasty complications; complex humerus fracture; frail trauma patient; non-operative
treatment; reverse shoulder arthroplasty

1. Introduction

Proximal humerus fractures (PHFs) are common injuries and account for 5% of all
adult fractures [1]. They represent one of the most common fractures in elderly patients
with poor bone quality. Due to an aging population, their incidence is expected to rise in
the upcoming decades, increasing costs and burden on an already stretched healthcare
system. Optimising the treatment of these fractures is vital to keeping our healthcare
system sustainable.

Treatment options in elderly patients with PHF generally consist of non-operative
treatment (NOT), open reduction and internal fixation (ORIF), hemiarthroplasty (HA), and
reverse total shoulder arthroplasty (RSA). Frequently, the Neer classification is used to guide
treatment decisions. The Neer classification categorises PHFs based on the number and
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displacement of fracture fragments [2]. Simple PHFs are generally treated non-operatively
with satisfactory results. With increasing complexity of the fracture pattern, outcomes are
thought to be poorer when left untouched. As a result, surgeons frequently revert to one
of the aforementioned surgical treatment options to counteract this inverse relation. The
advantage of ORIF is that the native joint is preserved, generally offering better functional
results than arthroplasty. However, elderly patients are at a considerable risk of developing
humeral head necrosis, potentially necessitating arthroplasty when symptomatic. Offering
primary arthroplasty for fractures has the benefit of preventing secondary surgery related
to failure of ORIF. However, when complications such as infection occur, they may have
disastrous consequences for patients [3].

The debate on the optimal treatment modality in elderly patients with three- or four-
part PHF is still ongoing. Several randomized studies and meta-analysis found no added
benefit of surgical management with ORIF or HA compared to NOT [4,5]. However, studies
did find better outcomes for patients treated with RSA compared with ORIF or HA [6–8].

RSA has become an increasingly popular surgical modality for treating three- and four-
part proximal humerus fractures [9]. Its superior results in comparison to other surgical
options in recent studies could be an explanation for its growing use. However, in elderly
patients, range of motion and functional outcome after NOT appear to be acceptable as
well, even in displaced fractures [4,5,10,11]. To date, there have been no systematic reviews
comparing the results of NOT with those of RSA for treatment of three- and four-part
proximal humerus fractures.

The goal of this systematic review is to compare the patient-reported functional
outcome and range of motion of RSA compared with NOT in elderly patients who sustained
three- or four-part proximal humerus fractures.

2. Methods

This study was set up as a systematic review to be performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) checklist [12] and
Meta-analysis of Observational Studies in Epidemiology (MOOSE) [13]. No protocol has
been published for this study.

2.1. Search Strategy and Selection Criteria

Databases of PubMed, Embase, CINAHL, and CENTRAL were searched on 18 January
2023 for studies on complex proximal humerus fractures in patients aged 65 years and
older comparing RSA to NOT (Supplementary Material Table S1). Two reviewers screened
titles and abstracts independently for eligibility. All studies comparing RSA and NOT were
included for systematic review and (if possible) direct comparison via pooled analysis.
Indirect comparison via systematic review of case series and non-comparative studies on
either of the two treatment modalities was performed separately.

Full-text screening was performed by the same authors. Inclusion criteria were com-
parative studies on RSA versus NOT for treatment of complex proximal humeral fractures
(classified as Neer three- or four-part displaced or AO (Arbeitsgemeinschaft für Osteosyn-
thesefragen) classification 11-B or 11-C), age over 65 years (when not specified in the
inclusion criteria, then mean age of 70 or older in the baseline characteristics), functional
outcome and/or range of motion reported with a minimal follow up of 12 months. Non-
operative treatment was defined as no invasive intervention performed (thus excluding
open and closed reduction with or without Kirschner wire fixation). Exclusion criteria
were congress or meeting abstracts, biomechanical, animal, or cadaver studies, no English,
Dutch, or German full text available. Disagreements on study eligibility and quality were
discussed and the decision to perform meta-analysis was reached through consensus of the
authors. Reviews of the references of included studies were performed to identify studies
missed in the initial search.
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2.2. Data Extraction

One author extracted the data using a prespecified extraction sheet, includingyear of
publication, study design, time period of study, follow up, patient characteristics, fracture
classification and distribution, prosthesis type, cemented yes/no, approach used, reinser-
tion of tuberosities yes/no, outcome scores, pain score, and satisfaction with treatment
modality. Regarding complications, the following were extracted from the studies: ra-
diographic outcomes including loosening of stem or baseplate, scapular notching, and
anatomic tuberosity healing for the RSA group and nonunion, malunion, and osteonecrosis
for the NOT group. Furthermore, infection, dislocation, iatrogenic fracture, and revision
surgery were noted.

2.3. Quality Assessment

The included studies were assessed by one author using the Methodological Index for
Non-Randomized Studies (MINORS) tool. This validated tool for assessing methodological
quality of studies rates studies from scores 0 to 24 (Supplementary Material Table S2).
Pooled analysis was performed only when the following criteria were met: equivalence of
baseline characteristics in the two treatment groups and availability of a minimum of three
studies reporting on the outcome(s) of interest.

2.4. Study Outcome

The primary outcomes were functional outcome scores and range of motion after
at least 12 months. Secondary outcomes were all complications, pain, and satisfaction
with treatment.

2.5. Statistical Analysis

Variables were presented as per the original studies. Weighted average and mean
difference of outcome scores were calculated when more than two studies reported on the
same scale or questionnaire. The pooled mean scores were calculated through weighting of
study size. Excel was used for data collection, calculation of pooling results, and analysis.

3. Results

The flowchart of the literature search and comparative study selection is shown in
Figure 1. Three studies were included; one randomized clinical trial (Lopiz et al.) and two
retrospective cohort studies (Chivot et al. and Roberson et al.) [14–16].

3.1. Comparative Studies
3.1.1. Study Characteristics and Quality Assessment

The three studies included 158 patients; 77 underwent RSA and 81 had NOT. Table 1
provides the baseline characteristics of the studies. Lopiz et al. [14] and Roberson et al. [16]
both included more (87% and 75% respectively) four-part fractures than Chivot et al. [15]
Roberson et al. [16] included patients in the NOT group who were offered RSA as indicated
by the surgeon but declined. The percentage lost to follow-up was 5% in the study by Lopiz
et al. [14], 50% for Chivot et al. [15], and Roberson et al. did not provide data on eligible
numbers of patients or follow-up. Table 2 shows the MINORS scores ranging from 13 to 24.
In all included studies, the deltopectoral approach was used for the placement of the RSA.

3.1.2. Functional Outcomes

Two studies [14,15] reported on the Constant–Murley score (CMS). The scores ap-
peared to be significantly better in the RSA group in both studies, with a mean difference
of six points (Table 3). Two studies [14,15] reported on the Disability of the Arm, Shoulder
and Hand Questionnaire (DASH) score. The randomized clinical trial found a significantly
better score in the RSA group, with a difference of eight points. One observational study
found approximately the same difference in favour of RSA, but this was not statistically
significant. No differences were found in the American Shoulder and Elbow Surgeons
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shoulder score (ASES) or Penn shoulder score (PENN) in the two studies that reported on
these outcomes.

Figure 1. Flow diagram of search and selection of comparative studies.

3.1.3. Range of Motion

Chivot et al. [15] found better ROM in the RSA group for all movements. Lopiz
et al. [14] found better anterior elevation in the RSA group compared with NOT but not
better external or internal rotation. Abduction was investigated only by Lopiz et al. [14]
and they found no difference (abduction >90 degree; RSA 72% versus NOT 42%, p0.064).
Roberson found no improvements in anterior elevation or external rotation (Table 4).
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Table 1. Baseline characteristics of studies after reverse total shoulder arthroplasty versus non-
operative treatment.

Author Design
Number of
Patients

Age
Mean in Years (Sd)

% Female % Neer 4-part
Tuberculum
Management

Prothesis
Used

Follow-Up
Months

RSA NOT RSA NOT RSA NOT RSA NOT Average

Lopiz RCT 29 30 82 (3.4) 85 (4.8) 86% 87% 87% 83% Reattachment Delta
SMR 12

Chivot Retro 28 32 77 (70–92) 79 (70–92) 78.6% 93.8% 35.7% 25% Reattachment Zimmer 32

Roberson Retro 20 19 71 (NR) 71 (NR) 95% 78.9% 75% 21% NR DJO
Zimmer 29/53 ˆ

77 81

Retro: retrospective study, RCT: randomized clinical trial, RSA: reversed total shoulder arthroplasty, NOT: non-
operative treatment, NR: not reported, Delta: Delta XTEND Reverse Shoulder System prosthesis (DePuy, Warsaw,
IN, USA), SMR: SMR Modular Shoulder System (Systema Multiplana Randelli; Lima-LTO, San Daniele del Friuli,
Italy), Zimmer: The Trabecular Metal Reverse Shoulder System implant (Zimmer Biomet, Warsaw, IN, USA), DJO:
Reverse Shoulder Prosthesis (DJO Surgical, Austin, TX, USA), ˆ: follow-up NOT group 29 months, RSA group
53 months.

Table 2. Quality assessment for studies after reverse total shoulder arthroplasty versus non-
operative treatment.
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Clearly stated aim 2 2 2
Inclusion of consecutive patients 2 2 1
Prospective data collection 2 1 0
Appropriate endpoints 2 2 1
Unbiased assessment endpoints 2 0 0
Appropriate follow-up (>1 year) 2 2 2
Loss to follow-up <5% 2 1 0
Prospective calculation study size 2 0 0
Adequate control group 2 2 2
Contemporary groups 2 2 2
Baseline quivalence of groups 2 2 2
Adequate statistical analysis 2 2 1
Total score 24 18 13

3.1.4. Complications

An overview of the complications for both RSA and NOT in the three included compar-
ative studies is given in Table 5. In total there were four (5%) reoperations reported in the
three studies; two for infection (one debridement and implant retention procedure and one
removal of prosthesis), one for dislocation of the RSA, and one for postoperative stiffness.

3.1.5. Pain and Satisfaction

Only Lopiz et al. [14] reported less pain in the RSA group, with VAS 0.9 versus 1.6
in the NOT group (p = 0.011). Roberson and Chivot et al. found no differences in pain
scores [15,16].

With regard to treatment satisfaction, Lopiz et al. [14] reported that 100% of the RSA
group versus 93% in NOT ‘would undergo the same treatment again based on the achieved
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result’ (p = 0.24). Chivot et al. also found higher satisfaction in the RSA group, with 93%
versus 84% in the NOT group (p = 0.03).

Table 3. Functional outcome scores after reverse total shoulder arthroplasty versus non-operative treatment.

Functional Outcome Score Study RSA NOT p-Value

CMS * Lopiz et al. [14] 61.7 55.7 0.07
Chivot et al. [15] 56.5 50.5 0.03 ˆ

DASH ** Lopiz et al. [14] 20.7 28.8 0.08
Chivot et al. [15] 38.7 31.2 0.11

PENN * Roberson et al. [16] 70 73 0.7
ASES * Roberson et al. [16] 72 72 0.99

CMS: Constant–Murley Score, DASH: Disability of the Arm, Shoulder and Hand questionnaire, ASES: American
Shoulder and Elbow Surgeons shoulder score, PENN: Penn shoulder score, RSA: reverse shoulder arthroplasty,
NOT: non-operative treatment, *: ranging 0–100 with higher score indicating better function, **: ranging 0–100
with lower score indicating better function, ˆ: difference in favour of RSA.

Table 4. Range-of-motion scores after reverse total shoulder arthroplasty versus non-operative treatment.

Range of Motion Study RSA NOT p-Value

Forward flexion Lopiz et al. [14] 133 115 0.028 ˆ
Chivot et al. [15] 110 98 0.0005 ˆ
Roberson et al. [16] 119 120 0.87
Weighted average 120.8 109.8

External rotation Lopiz et al. * [14] 5.2 4.4 0.293
Chivot et al. [15] 19 9 0.0002 ˆ
Roberson et al. [16] 31 23 0.06

Internal rotation ** Lopiz et al. [14] 65% (41/24) 48% (34/14) 0.211
Chivot et al. [15] 46% (17/28) 22% (9/13) 0.04 ˆ

RSA: reverse shoulder arthroplasty, NOT: non-operative treatment, *: range of motion part of Constant–Murley
Score, **: percentage patients with internal rotation above sacro-iliac joint level, (% lumbar/% thoracic), ˆ: differ-
ence in favour of RSA.

Table 5. Complications in included studies after RSA and NOT for proximal humerus fracture in
elderly patients.

RSA NOT

N 77 81
RSA complications
Dislocation 2 (2.6%)
Nerve injury 2 (2.6%)
Infection 2 (2.6%)
Iatrogenic fracture 0
Anatomic greater tuberosity healing 40 (52%)
Greater tuberosity non-anatomic healing or resorption 17 (22%)
Scapular notching 0
Baseplate loosening 0
Humeral stem loosening 0
Revision or subsequent operation 4 (5.2%) 0
NOT complications
Osteonecrosis 20 (24.7%)
Malunion 34 (42%)
Nonunion 2 (2.5%)

N: number, RSA: reverse shoulder arthroplasty, NOT: non-operative treatment.

3.1.6. Case Series and Non-Comparative Studies on RSA and NOT

A total of 29 studies (1550 patients) reporting on RSA in case series or comparing
elderly patients treated for complex proximal humeral fractures with treatments other
than NOT were included for review of functionality and range-of-motion outcomes and
complications [7,8,17–43]. Five case series and non-comparative studies after NOT were
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included (249 patients) (Supplementary Materials Tables S4 and S6) [10,44–47]. Weighted
mean functional outcome scores after RSA were CMS 60, DASH 25, ASES 76, OSS 39, and
Simple Shoulder Test 7.8 (Supplementary Materials Table S5). For NOT, the weighted mean
scores were CMS 60, DASH 33.0, and OSS 36 (Supplementary Materials Table S6). Range
of motion in degrees after RSA was anterior elevation 122, abduction 112, and external
rotation 22 (Supplementary Materials Table S5). Twenty-five studies reported complications
after RSA. The average rate of complications was 4.6% (infection 2%, dislocation 1.6%, and
iatrogenic fracture 1%). The revision rate for infection, dislocation, iatrogenic fracture, or
aseptic loosening in all studies averaged 4%.

4. Discussion

This review describes the differences in functional outcomes after RSA versus NOT
in elderly patients with complex proximal humerus fractures. Functional outcomes and
range of motion after RSA seemed better compared with NOT in comparative studies. The
rate of complications after RSA was low at 3%, with an overall revision rate of 5%.

So, what are the clinical implications following these findings? It is likely that surgeons
will have treated-higher demand patients with more complex fractures with RSA and
lower-demand, less complex fractures non-operatively. This assumption is based on the
fact that multiple case series have mentioned this in relation to their patient selection
for RSA [7,8,20,23,33]. Although only discussed in one of the included observational
comparative studies, it is likely that this was also the case here [16]. The big question
remains: to what extent are the better results found in the RSA group attributable to the
treatment itself and not to the type of patient (high-demand) or the complexity of the
fracture? The one RCT included in this review that could have shed some light on this
matter did not find any statistical significant difference in functional outcomes; however,
scores for all outcomes were consistently better in the RSA group. On top of that, the large
quantity of non-comparative studies point in the same direction, so it may be safe to say
that RSA is likely to have some beneficial effect on patient outcomes. The magnitude of
this effect remains unclear and should be further investigated.

Nevertheless, the results of this review still are valuable; they contribute to the knowl-
edge on specific aspects of this topic. Assuming a selection bias to be present, the results
shows that if we continue to offer RSA to high-demand patients with complex fractures
and non-operative treatment to the lower-demand patients with less complex fractures,
we can achieve satisfactory results in our day-to-day practice. It would be interesting to
see future studies taking this confounding factor out of the equation, to truly understand
how both treatment modalities behave in both the high-demand/complex fracture and
low-demand/low complex fracture patient population.

A pragmatic approach in the treatment of elderly patients with complex proximal
humerus fractures could be to consider RSA in cases where NOT has led to unfavourable
outcomes. Several studies have shown that delayed RSA (>30 days) provides equal func-
tional outcomes and range of motion to early RSA (<30 days) [16,48–50]. Interestingly,
patients treated with RSA for sequalae of NOT potentially outperform patients after NOT
on both functionality and range-of-motion scores [51]. In other words, conservative man-
agement and offering RSA either directly or in cases of failed conservative treatment, are
both viable strategies for treating complex proximal humerus fractures in the elderly.

Non-anatomic healing and resorption of the greater tuberosity is frequently seen in
patients who undergo RSA. The clinical relevance of this occurrence remains questionable.
Several studies found that it was related to poor functional outcomes and range of motion.
However, an equal number of studies did not find such a relation [24]. Therefore, it remains
unclear whether non-anatomic healing and resorption should be regarded as complications
or not. The same applies for malunion and osteonecrosis in the NOT group. These are
regarded as complications; however, their relevance is questionable. Many patients with
osteonecrosis are asymptomatic and do not require intervention [52]. Moreover, malunion
is practically assured when complex fractures are treated conservatively. This is also
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reflected in the results of the present study; despite the high incidence of malunion and
osteonecrosis, reintervention rates were low in the NOT group. It should, however, be
acknowledged that it remains unclear whether a deliberate choice to refrain from revision
surgery was made (for example because of severe comorbidities) or patients were truly
satisfied with the results.

With regard to risk of other complications (infection, dislocation, nerve injury, reinter-
vention) with RSA, it should be kept in mind that although complication and revision rates
are low and long-term follow-up of RSA shows high arthroplasty survival rates and good
clinical results, these results deteriorate over time [53]. Complication rates also appear to
increase over time [54]. Furthermore, as previously stated, revision rate is not the same as
success rate. An elderly patient with complications after initial RSA might not consent to
revision surgery and might accept a less favourable result than would have been achieved
with NOT. It is thus unclear whether the advantage of RSA over NOT is sustained over
time and whether it is worth the risk of complications.

The burden on the healthcare system due to fractures has grown exponentially in recent
decades. This is mainly attributed to a continuously expanding and aging population with
higher expectations in the context of an increasingly demanding society [1,55]. Inevitably,
the increased burden poses higher costs, putting the sustainability of countries’ healthcare
systems at risk [56,57]. As PHFs are the second most common fractures in elderly people
after hip fractures, it is important to consider the costs associated with the treatment of
complex PHFs. The initial costs of RSA are higher than NOT, as expected, because of
the cost associated with facilitating an RSA operation and the duration of the hospital
stay. Yet, these costs seem to pay out over time. In 2022, Abdel Khalik et al. conducted a
cost–utility analysis comparing HA, ORIF, RSA, and NOT in elderly patients, aged 75 years
and older, with complex proximal humerus fractures. The study determined the reported
inpatient cost QALY ratio in NOT and RSA to be 2584 CAD/QALY and 3077 CAD/QALY,
respectively. Despite these higher upfront costs, RSA was deemed a more cost-effective
treatment strategy for complex proximal humerus fractures in patients older than 65 years
compared with NOT, because of its superiority in functional and clinical outcomes over
time even in the older population [58].

5. Limitations

This review highlights the advantages of RSA compared with NOT. To our knowledge,
this is the first review to address outcomes after RSA versus NOT for complex proximal
humerus fractures specifically in elderly patients. Unfortunately, no meta-analysis was
possible due to the small number of studies comparing only three-part and four-part
proximal humerus fractures and heterogeneity in the study population (age and fracture
type). Another limitation of our review is the lack of non-comparative studies reporting on
NOT outcomes to put the results in perspective, like the extensive data on RSA outcomes.
Finally, as previously stated, it is likely that selection bias might have occurred in the
included observational studies and case series.

6. Conclusions

The functional outcomes and range of motion after RSA seem satisfactory and po-
tentially superior to those achieved with NOT in elderly patients. The complication rate
was acceptably low and an overall revision rate of 5% was found. These results should,
however, be viewed in light of distinct differences in patient characteristics between treat-
ment groups.

Which geriatric patients with complex proximal humerus fractures benefit from RSA
should be the focus of future research. The NITEP (https://pubmed.ncbi.nlm.nih.gov/30
700485/, accessed on 16 April 2024) and ReShAPE trials (https://pubmed.ncbi.nlm.nih.
gov/30700485/, accessed on 16 April 2024) might shed some light on this topic and guide
future treatment choices.
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7. Future Directions

To further explore which elderly PHF patients most benefit from NOT and which from
RSA without potential selection bias, a randomized controlled trial comparing treatment
modalities including an adequate sample size and follow-up time is necessary. Further-
more, future studies should incorporate comprehensive assessments of both clinical and
radiographic outcomes, including functional recovery, pain relief, range of motion, fracture
healing, and implant positioning. Follow-up should extend beyond one year to evaluate the
durability of treatment effects and the occurrence of late complications. Additionally, sub-
group analyses based on patient characteristics and fracture patterns should be conducted
to identify factors predictive of treatment success and guide physicians in personalised
treatment decisions. Ultimately, the findings from future studies will contribute to facili-
tating evidence-based guidelines and improving the management of complex proximal
humerus fractures in the elderly, enhancing patient outcomes and quality of life.

Supplementary Materials: The following supporting information can be downloaded at https:
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scores and weighted mean scores of case series and non-comparative studies on RSA; Table S5: Range
of motion and weighted mean scores of case series and non-comparative studies on RSA; Table S6:
Functional outcome scores and weighted mean scores of NOT cohorts from studies not compared
with RSA.
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Abstract: Background: For hip fracture patients with a limited life expectancy, operative and pal-
liative non-operative management (P-NOM) can yield similar quality of life outcomes. However,
evidence on when to abstain from surgery is lacking. The aim of this study was to quantify the influ-
ence of patient characteristics on surgeons’ decisions to recommend P-NOM. Methods: Dutch surgical
residents and orthopaedic trauma surgeons were enrolled in a conjoint analysis and structured expert
judgement (SEJ). The participants assessed 16 patient cases comprising 10 clinically relevant character-
istics. For each case, they recommended either surgery or P-NOM and estimated the 30-day postop-
erative mortality risk. Treatment recommendations were analysed using Bayesian logistic regression,
and perceived risks were pooled with equal and performance-based weights using Cooke’s Classical
Model. Results: The conjoint analysis and SEJ were completed by 14 and 9 participants, respec-
tively. Participants were more likely to recommend P-NOM to patients with metastatic carcinomas
(OR: 4.42, CrI: 2.14–8.95), severe heart failure (OR: 4.05, CrI: 1.89–8.29), end-stage renal failure
(OR: 3.54, CrI: 1.76–7.35) and dementia (OR: 3.35, CrI: 1.70–7.06). The patient receiving the most
P-NOM recommendations (12/14) had a pooled perceived risk of 30-day mortality between 50.8 and
62.7%. Conclusions: Overall, comorbidities had the strongest influence on participants’ decisions
to recommend P-NOM. Nevertheless, practice variation and heterogeneity in risk perceptions were
substantial. Hence, more decision support for considering P-NOM is needed.

Keywords: hip fractures; geriatrics; frailty; palliative non-operative management; decision-making;
conjoint analysis; structured expert judgement

1. Introduction

In worldwide practice, operative treatment is considered to be superior over non-operative
management in terms of clinical outcomes for the majority of hip fracture patients [1,2]. It is
well established that the mortality rate is significantly higher in non-operatively treated
patients than in operatively treated patients [3–5]. However, in the case of frail older
adults with a limited life expectancy, surgeons have started to question the superiority of
surgery [6,7]. Clinical guidelines often focus on functional recovery to pre-fracture levels [8],
while patients with a limited life expectancy might prioritise their quality of life (QoL)
instead [9]. In these cases, surgical overtreatment should be avoided due to its negative
repercussions on patients and families, which include iatrogenesis and anxiety [10,11].
Hence, there is increasing awareness that palliative non-operative management (P-NOM)
should be considered as a valid care option amongst frail older adults [7,9,12–15].

Particularly amongst patients of advanced age with multiple physical and cognitive
comorbidities, there is a pressing need for counselling regarding survival prognoses and
advance care planning [16]. By properly informing frail patients on the available treatment
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options and examining how these align with their goals of care through shared decision-
making (SDM) [17], patients and clinicians might come to the conclusion that P-NOM is
preferred. Affirmatively, a single-centre retrospective cohort study found that the percent-
age of patients electing P-NOM increased significantly over the years (2.7% vs. 9.1%) after
implementing comprehensive geriatric assessments with SDM [18]. Still, uncertainties
regarding the optimal treatment choice might persist during SDM in complex patient
cases [7]. A paucity of decision support for P-NOM in current clinical guidelines poses
challenges for the preoperative decision-making process. Therefore, more evidence regard-
ing the choice between surgery and P-NOM is required to optimise treatment plans for
frail older adults.

Only a few studies have thus far investigated the motives behind electing P-NOM.
In most cases, P-NOM was preferred when early mortality or other poor prognoses were
anticipated for operative treatment due to frailty, for example, caused by comorbidities,
poor functional status and declining cognitive functioning [18,19]. While these attributes
could be used to identify patients who would not benefit from operative treatment, it
remains a challenging task. Various prediction models for 30-day mortality following
hip fracture surgery have been developed to identify patients who are unfit for operative
treatment [20–24]. However, these models showcased moderate discriminative ability, mak-
ing them premature for clinical practice. When data-driven approaches are not sufficiently
reliable, domain experts should be consulted [25,26]. The synthesis of clinicians’ treatment
preferences for various patient cases aids in understanding which specific patients would
benefit from which treatments [27].

The current study proposes a clinical vignette methodology to elicit and analyse surgical
residents’ and orthopaedic trauma surgeons’ treatment preferences for frail older hip fracture
patients with limited life expectancy. This is a type of conjoint analysis (CA) [28,29], in which
the decision-making behaviours of medical experts are studied in various scenarios known
as vignettes [30]. A vignette is defined as “a short, carefully constructed description of a
person, object, or situation, representing a systematic combination of characteristics” [31]
(p. 128). Given that clinicians’ judgements of vignettes and their responses to real-life cases
are sufficiently congruent [32], clinical vignette studies provide a means to reliably simulate
and analyse complex decision-making processes in healthcare. The insights gained facilitate
the understanding of which factors are influential in decision-making for surgeons and
help inform clinical practices and policy development to support decision-making [33].

While individual patient attributes may influence physicians’ treatment preferences,
they may also shape their overall perception of patients’ early mortality risks. Capturing
early mortality risk assessments is pertinent since they could influence the likelihood of
considering P-NOM [6–8]. Therefore, the current study proposes to additionally elicit the
perceived risks of 30-day postoperative death for each vignette through a structured expert
judgement (SEJ) [34].

To support preoperative decision-making for frail hip fracture patients with a limited
life expectancy, it is imperative to understand how patient characteristics and mortality
risk perceptions affect treatment decisions. Hence, the aim of this exploratory study is to
conduct a clinical vignette study and SEJ to systematically capture the expertise of surgical
residents and orthopaedic trauma surgeons to synthesise recommendations for clinical
guidelines. To the best of our knowledge, we are the first to conduct a clinical vignette
study and SEJ to examine preoperative decision-making for frail hip fracture patients.

2. Materials and Methods

2.1. Data Collection

The clinical vignette study and SEJ were distributed to surgical residents and or-
thopaedic trauma surgeons from three Dutch hospitals through an online survey between
June and August 2022. Participants were approached through an e-mail explaining the
purpose of the study along with a link to the survey.
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2.2. Selection of Patient Attributes and Levels for the Vignettes

Predictors for early mortality were chosen as primary attributes for the design of the
vignettes, since P-NOM was mostly reserved for patients with a limited life expectancy [8,9].
In our previous work [35], we conducted a systematic review and meta-analysis to identify
these predictors. To analyse participants’ decision-making behaviours as comprehen-
sively as possible, the vignettes were designed using the maximum number of attributes
recommended in practice, that is, 10 attributes [33].

All high-quality evidence predictors for 30-day mortality identified in our meta-
analysis were selected as attributes for the vignettes (age, gender, ASA classification [36],
institutional residence and metastatic cancer). Amongst the moderate-quality evidence
predictors, only those for which confidence in the existence of a true significant association
with mortality was expressed were selected (dementia, renal failure and heart failure). To
increase ecological validity, functional status was included, as guidelines for preoperative
decision-making are centred around functional recovery [9]. Finally, to enforce applicability
to the study population of interest, fracture type was selected as an attribute.

When constructing vignettes, implausible combinations of attribute levels should be
avoided. Amongst the chosen attributes, implausibility concerns were raised for the ASA
score. Since ASA scores increase with the severity of diseases, not all pairs of comorbidities
and ASA scores would be logical to present simultaneously in the vignettes. Hence,
attribute levels of comorbidities were defined such that they were maximally compatible
with all ASA attribute levels chosen in this study. To keep the total number of vignettes
low, the number of attribute levels was mostly restricted to two. Since a dichotomy of
health conditions and functional statuses could potentially be too coarse to inform decision-
making, the vignettes were pilot tested with a surgical resident and orthopaedic trauma
surgeon. Both physicians agreed that it was not necessary to introduce additional attribute
levels. An overview of the attribute levels along with the rationale behind the chosen
definitions is depicted in Table 1.

Table 1. Overview of attributes and their levels as presented to the participants in the vignettes. For
each attribute level, the rationale behind the chosen definition is provided.

Attribute Levels Rationale

Age The patient is in the age group 80–89 years
The patient is 90 years or older

80 years was chosen as a lower bound, based on the average
age of hip fracture patients. The cut-off between the two levels

was based on the observation that complication risks and
mortality rates differed significantly between octogenarians

and nonagenarians [37].

Gender The patient is female
The patient is male -

Fracture type
The patient has an undisplaced femoral neck fracture

The patient has a displaced femoral neck fracture
The patient has an extracapsular fracture

The invasiveness of the required surgical intervention differs
between displaced and undisplaced femoral neck fractures.

Most extracapsular fractures are treated with intramedullary
nails in The Netherlands. Hence, extracapsular fractures were

not further distinguished.

Physical
status

The patient has severe systemic diseases without a constant
threat to life (ASA III)

The patient has severe systemic diseases with a constant
threat to life (ASA IV)

It was anticipated that ASA I, II and V would not require
decision support: all ASA I and II patients would be treated

operatively [8], and all ASA V patients would be
treated non-operatively.

Severe heart
failure

The patient has no severe heart failure (LVEF ≥ 30%)
The patient has severe heart failure (LVEF < 30%)

A moderate-to-severe reduction in left ventricular ejection
fraction (LVEF) is congruent with both ASA III and IV [38,39].

The corresponding cut-off of <30% was based on [40].

Metastatic
carcinoma

The patient has no metastatic carcinomas
The patient has metastatic carcinomas

The presence of non-metastatic cancer only increases the 30-day
mortality risk weakly [35]. Hence, patients without metastases

were not further distinguished into cancer-free and
non-metastatic cancer patients.
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Table 1. Cont.

Attribute Levels Rationale

End-stage
renal failure

The patient has no end-stage renal failure requiring dialysis
The patient has end-stage renal failure requiring dialysis

The dialysis requirement complies with both the ASA III and
ASA IV classifications [38,39]. Due to the high prevalence of renal
failure amongst adults aged ≥80 years [41], no distinction was

made between mild renal failure and the absence of renal failure.

Preoperative
residence

The patient lived at home prior to admission
The patient lived in a care institution prior to admission -

Functional status * The patient has no severe functional handicaps (Katz 3–6)
The patient has severe functional handicaps (Katz 0–2)

Low pre-fracture functioning was a common reason for
choosing non-operative treatment [9,18]. Hence, the extreme

end of the Katz scale was chosen.

Dementia The patient has no dementia
The patient has dementia

Dementia is a well-known predictor of postoperative
delirium [42–44]. A single level for dementia was thus thought

to be sufficient to influence clinicians’ decisions.

* Participants were provided with a link to a document where the Katz scores were explained in more detail,
where 0 was defined as completely dependent and 6 as functionally independent.

2.3. Experimental Design of Patient Vignettes

The 10 attributes yielded a full factorial design comprising 29 × 3 = 1536 vignettes.
However, one attribute level combination was deemed implausible: ASA III paired with
metastatic cancer [45]. Hence, all vignettes containing this combination were removed from
the full factorial design to reduce measurement errors [46], leaving a total of 1152 vignettes.
As it was not feasible to present all 1152 vignettes to each participant, a D-optimal main
effects design [47] was generated from this subset with R version 4.0.2 using the skpr
package [48]. Through experimental designs, smaller subsets of vignettes can be selected
while safeguarding the precision and unbiasedness of the statistical analysis [49]. The
number of vignettes was minimised by inspecting the relative gain in D-efficiency upon
increasing the number of vignettes over a range of 12 to 24. Based on these trials, a design
comprising 16 vignettes with a D-efficiency of 94.4% was chosen. The full experimental
design can be found in Table A1 of Appendix A.

2.4. Survey Design

The survey consisted of four sections. The first section covered background questions
about participants’ medical professional status and years of working experience. In the
second section, they were presented with the vignettes. For each vignette, they were
asked to (1) recommend either surgery or P-NOM, (2) rate how certain they were about the
optimality of their recommendation on a 5-point Likert scale and (3) estimate the probability
of 30-day postoperative mortality. Whenever they elected operative treatment, they were
asked whether the treatment intentions were palliative or curative. In the third section,
participants answered 14 SEJ questions to assess their expertise in mortality prediction.
Finally, participants gave feedback on information they missed in the vignettes.

2.5. Elicitation and Analysis of Treatment Preferences

The aim of the vignette study was to quantify the average impact of patient attributes
on participants’ treatment preferences in terms of odds ratios (ORs). ORs were estimated
using a hierarchical Bayesian logit with random intercepts, in which treatment choices were
regressed against the attributes in the vignettes. To examine the degree to which treatment
recommendations could be explained by participants’ personal preferences rather than
changes in attribute levels, the intraclass correlation coefficient (ICC) was computed.

A Bayesian estimation framework was chosen for the main analysis since a low
response rate to the survey was anticipated. When prior knowledge about the effect sizes
of the individual attributes is available, Bayesian models can still provide valid regression
outcomes despite small sample sizes [50–54]. Since early mortality risk is the primary
reason for electing P-NOM [8], we assumed that the attributes’ prognostic values for death
could be seen as proxies for participants’ inclinations to choose P-NOM. Therefore, we
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primarily used our systematic review and meta-analysis for predictors of early mortality to
derive prior knowledge on the effect sizes and uncertainties around the beta coefficients of
the Bayesian model (see Table 2). We followed the When-to-Worry-and-How-to-Avoid-the-
Misuse-of-Bayesian-Statistics checklist to ensure methodological rigour [55].

Table 2. Overview of prior specifications expressed on a logarithmic scale. All betas denote log odds
ratios (ORs).

Parameter Distribution Specification Prior Type Background Knowledge

β0 Normal N(−2.75, 1) Weakly
informative

Here, 3% of the Dutch patients are treated non-operatively [56]. As the
vignettes exclude ASA I-II, β0 was expected to be slightly higher. The
prior yields a mean probability of 6.0% (95% CrI: 0.9–31.2%) in favour

of P-NOM for the null model.

βgender Normal N(0.09, 1) Weakly
informative

Male gender is a high-quality evidence predictor for 30-day
mortality [35]. However, it was deemed unlikely that this would be

reflected in participants’ treatment preferences. Hence, the
informativeness of the prior was decreased, yielding a mean OR of

1.1 (95% CrI: 0.15–7.80) in favour of P-NOM.

βextracapsular Normal N(0.09, 1) Weakly
informative

Compared to undisplaced femoral neck fractures, extracapsular
fractures have a higher postoperative anaemia incidence [57]. Due to
the lack of strong evidence for increased mortality risk [58], a small

mean OR of 1.1 (95% CrI: 0.15–7.80) in favour of P-NOM was assumed.

βDFN Normal N(0.18, 1) Weakly
informative

Displaced femoral neck fractures require more invasive surgical
intervention than their undisplaced counterparts. As quantitative

evidence was lacking, a small mean OR of 1.2 (95% CrI: 0.17–8.51) in
favour of P-NOM was assumed.

βASA Normal N(0.69, 1) Informative

ASA scores increase 30-day mortality risk with an OR of 2.62 (95% CI:
2.21–3.12) per point increase [35]. During the vignette study pilot test,
a surgical resident expressed indifference towards ASA scores due to

the subjectivity of the scoring system. A relatively wide prior was
chosen to reflect uncertainty in the influence of ASA scores, with a

mean OR of 2.0 (95% CrI: 0.5–7.99) in favour of P-NOM.

βheart Normal N(0.69, 0.5) Informative
Heart failure increases the risk of 30-day mortality with an OR of

2.18 (95% CI: 1.25–3.82) [35]. The prior yields a mean OR of
2.0 (95% CrI: 0.50–7.98) in favour of P-NOM.

βmetastasis Normal N(0.92, 0.3) Informative

Metastasis increases the 30-day mortality risk with an OR of
2.83 (95% CI: 2.58–3.10) [35]. The informativeness of the prior was

increased due to the high quality of the evidence and the narrow CI
width. The prior yields a mean OR of 2.5 (95% CrI: 0.85–7.32) in favour

of P-NOM.

βESRF Normal N(0.79, 0.5) Informative

Chronic renal failure increases the risk of 30-day mortality with an OR
of 1.61 (95% CI: 1.11–2.34) [35]. The risk is even higher for ESRF

(95% CI: 3.57–12.58) [59]. The prior yields a mean OR of
2.2 (95% CrI: 0.55–8.81) in favour of P-NOM.

βinstitution Normal N(0.47, 0.5) Informative
Institutional residence increases the risk of 30-day mortality with an

OR of 1.81 (95% CI: 1.31–2.49) [35]. The prior yields a mean OR of
1.6 (95% CrI: 0.40–6.42) in favour of P-NOM.

βfunctional Normal N(0.47, 0.7) Informative

The effect size of severe functional handicaps was assumed to be
similar to that of institutional residence. However, due to the lack of

quantitative evidence, a slightly wider prior was specified with a
mean OR of 1.6 (95% CrI: 0.31–8.26).

βdementia Normal N(0.34, 0.5) Informative
Dementia increases the risk of 30-day mortality with an OR of

1.57 (95% CI: 1.30–1.90) [35]. The prior yields a mean OR of
1.4 (95% CrI: 0.35–5.60) in favour of P-NOM.

ui Normal N(0, σ2
u) Uninformative N/A

σ2
u Inverse Wishart IW(1, 1) Uninformative N/A

εi,j
Multivariate

normal MVN(0, I) 1 Uninformative N/A

DFN displaced femoral neck fracture, ASA American Society of Anesthesiologists physical status classification,
ESRF end-stage renal failure, ui random intercept term for a single participant, σ2

u variance of ui, εi,j random
error term for a single participant and vignette, CrI credible interval. 1 Multivariate normal distribution with the
mean vector equal to the zero vector and the covariance matrix equal to the identity matrix.
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The posterior distributions for each regression coefficient were estimated via Markov
Chain Monte Carlo (MCMC) sampling [60]. For this, 15,000 posterior samples were
drawn after a burn-in phase of 1000 samples. Point estimates were obtained by com-
puting the posterior means. The model was implemented in R version 4.0.2, using the
MCMCpack package [61].

2.6. Bayesian Convergence Diagnostics and Sensitivity Analysis

To ensure that the regression coefficients had converged to stable estimates, several
diagnostic tests were conducted. First, trace and autocorrelation plots were inspected for
MCMC convergence. The stationarity of the Markov chains was assessed with Geweke’s
convergence test [62]. Second, to determine whether the resulting posteriors were suffi-
ciently smooth, histograms of the posterior draws were inspected.

Finally, to assess the extent to which our prior beliefs affected the ORs, the regression
analysis was re-evaluated with noninformative priors, that is, N(0, 2), which neither
favoured P-NOM nor surgery. The influence of priors was considered (1) small if the
relative deviation (RD) was at most 10% and the substantive results remained the same,
(2) moderate if 10% < RD ≤ 20% and the substantive results remained the same and
(3) large otherwise.

RD = 100% × |ORinformative − ORuninformative|/ORinformative (1)

2.7. A Priori Power Analysis and Sample Size Calculations

Health policy recommendations based on non-significant outcomes should not be
made without considering whether the study had sufficient power to detect small yet mean-
ingful effects [63]. Therefore, an a priori power analysis was conducted using 10,000 Monte
Carlo simulations [64]. For simplicity, a logit model was used as an analytical outcome
model in the simulations to obtain a rough estimate for the required sample size. The
resulting power curves shown in Figure 1 indicated that approximately 55 participants
were required to attain a power above 60% for 8/11 attribute levels.

Figure 1. Power curves for the attribute levels used in the vignettes. The respective odds ratios (ORs),
which were assumed during the power calculations, are listed behind each attribute level.
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2.8. Elicitation and Analysis of Risk Perceptions

The goal of the SEJ was to elicit and aggregate participants’ 30-day mortality risk
perceptions of frail geriatric patients undergoing hip fracture surgery. Expert elicitation
was performed using Cooke’s Classical Model for SEJs [34]. The Classical Model enforces
empirical control by first scoring how statistically accurate and informative participants are
in the estimation of verifiable variables, prior to aggregating their judgements on unknown
variables. Participants with higher scores are assigned higher performance-based weights
in the aggregation to obtain the best estimate of the unknown target variable.

Calibration questions were used to measure participants’ performances. In this case,
calibration questions referred to verifiable questions about 30-day mortality prevalence
percentages amongst subpopulations of hip fracture patients. Participants are not expected
to know the exact percentages but should be able to capture them reliably based on their
expertise by defining adequate credible intervals (CrIs). The 5th, 50th and 95th percentiles
(q5, q50 and q95) were chosen for CrI elicitation, as this is the most common practice in
SEJs [56,65]. Through such 90% CrIs, participants express their beliefs that there is a 90%
chance that the true mortality rate falls between q5 and q95.

2.9. Structured Expert Judgement Instruments

For each vignette, the following target question was posed: “According to you, what
is the probability that a patient with these characteristics would die within 30 days after
hip fracture surgery?” Participants were asked to choose a probability bin from the set
(0–0.1), (0.1–0.2), . . ., (0.9–1.0), which reflected their beliefs best. The middle value of each
bin functioned as a point estimate for pooling later in the analysis.

Calibration questions were based on 30-day mortality data from the Dutch Hip Fracture
Audit Taskforce Indicators (DHFA-TFI) group [57], which described a total of 7506 patients.
To ensure similarity with the target questions, calibration questions were based on patient
subgroups, which resembled the vignettes. Similarity was ensured through age matching
(≥80 years) and choosing overlapping attributes: gender, fracture type, dementia, func-
tional status in ADL, ASA scores and institutional residence. Since these characteristics
were insufficient to construct ample diverse calibration questions, mobility, malnutrition
and anaemia were included as additional attributes. An example of a calibration question
is: “How many percent of the hip fracture patients aged 90 years or older, who were
mobile without walking aids and did not have dementia, died within 30 days follow-
ing hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group?” All
14 calibration questions can be found in Table A2 of Appendix A.

The ground truth of the calibration questions could not be obtained directly from
the DHFA-TFI cohort since there were missing data. Information on 30-day mortality
was missing for 19.5% of the 7506 patients. Missing entries were imputed with Multiple
Imputation by Chained Equations (MICE) [58]. MICE was used to create 20 imputed data
sets [58], from which the 30-day mortality percentages were extracted and pooled. With
the true mortality rates available, participants’ performances could be measured using two
scoring metrics: the calibration score and the information score.

2.10. Expert Scoring and Performance Weighting

The calibration score evaluated the statistical accuracy of participants’ CrIs. Calibration
was measured by examining how well they captured the true 30-day mortality rates across
the four inter-percentile ranges: <q5, (q5–q50), (q50–q95) and >q95. Participants were said to
be well-calibrated if their 90% CrIs captured the true 30-day mortality rates across 90% of the
calibration questions, such that the true values fell below q5 in 5% of the cases, between q5
and q50 in 45% of the cases, between q50 and q95 in 45% of the cases, and above q95 in 5% of
the cases. The calibration score was defined as the p-value of a Chi-squared test examining
whether the CrIs indeed captured the true mortality rates according to this theoretical
distribution. A calibration score of 1 indicated the highest level of statistical accuracy.
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The information score indicated the degree to which participants deemed some values
more likely to be true than others. As they could in theory achieve perfect statistical accu-
racy by specifying overly wide CrIs, the information score was introduced to compensate
for this. Participants received higher information scores if they specified more concentrated
CrIs. The computational steps are described in more detail elsewhere [59].

Finally, the calibration scores and information scores were multiplied for each partici-
pant to obtain an overall performance weight. The weights were then normalised, such
that they summed to 1 across all participants. For each vignette, the estimated probabilities
of 30-day mortality were then combined into a performance-weighted average. Pooling
with equal weights was performed as a sensitivity analysis.

3. Results

3.1. Respondents

In total, 21 survey responses were collected. These included 14 complete responses
for the clinical vignette study (6 orthopaedic trauma surgeons and 8 surgical residents),
of which 9 were also complete for the SEJ (4 orthopaedic trauma surgeons and 5 surgical
residents). The medians and interquartile ranges of years of experience for orthopaedic
trauma surgeons and surgical residents were 11.3 (8.5–18.1) and 4.0 (2.8–5.0), respectively.

3.2. Results of the Vignette Study

Table 3 depicts the outcomes of the vignette study. Amongst the inspected patient
attributes, only four showcased 95% CrIs, which did not overlap with the null effect.
In descending order of effect size, these were metastatic carcinoma (OR: 4.42, 95% CrI:
2.14–8.95), severe heart failure (OR: 4.05, 95% CrI: 1.89–8.29), end-stage renal failure (OR:
3.54, 95% CrI: 1.76–7.35) and dementia (OR: 3.35, 95% CrI: 1.70–7.06). From the estimated
ORs, comorbid conditions appeared to affect the likelihood of recommending P-NOM the
most. For instance, the odds that patients with metastatic carcinomas received a P-NOM
recommendation were 4.42 times higher than for patients without metastatic carcinomas.

Table 3. Influence of patient characteristics on preferences for palliative non-operative management.
Differences in odds ratios due to prior assumptions are quantified as relative deviations.

Attribute Level Informative Priors Noninformative Priors Deviation

Odds Ratio 95% CrI Odds Ratio 95% CrI

Metastatic carcinoma
Present 4.42 2.14–8.95 6.41 2.43–16.78 45.0%

Absent *

Severe heart failure
Present 4.05 1.89–8.29 4.72 2.13–11.48 16.5%

Absent *

End-stage renal failure Present 3.54 1.76–7.35 3.70 1.56–8.86 4.5%
Absent *

Dementia
Present 3.35 1.70–7.06 3.96 1.75–10.03 18.2%

Absent *

Physical status ASA IV 1.92 0.92–4.37 1.49 0.63–3.84 22.4%
ASA III *

Preoperative residence Institution 1.85 0.97–3.59 1.90 0.81–4.36 2.7%
Home *

Functional status
Severe handicaps 1.71 0.83–3.49 1.65 0.72–3.81 3.5%

No severe handicaps *

Gender
Male 1.55 0.74–3.42 1.53 0.67–3.58 1.3%

Female *

Age ≥90 years 1.20 0.54–2.59 1.12 0.49–2.56 6.7%
80–89 years *

Fracture type
Displaced femoral neck 1.00 0.41–2.41 0.85 0.32–2.34 15.0%

Extracapsular 0.81 0.34–1.92 0.67 0.26–1.83 17.3%
Undisplaced femoral neck *

* Reference level. The 95% CrIs displayed in bold are strictly non-overlapping with the null effect.
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For all regression coefficients, the diagnostic tests indicated that the estimates were
stable (see Appendix B). Furthermore, all substantive conclusions, that is, whether the
CrIs were non-overlapping with the null effect, were robust with respect to the decreased
informativeness of priors. The sensitivity analysis showed that the informative priors had
little influence on the ORs of end-stage renal failure, preoperative residence, functional
status, gender and age. The prior influence was moderate for severe heart failure, dementia
and fracture type. Finally, priors were highly influential for the effect estimates of metastatic
carcinoma and physical status.

3.3. Results of the Structured Expert Judgement

Figure 2 depicts the responses to the 14 calibration questions of nine participants
who completed the SEJ. Only two participants (surgical residents) managed to achieve
calibration scores above 0.05, indicating that they were well-calibrated. With calibration
scores of 0.53 and 0.32, their judgements accounted for a cumulative normalised weight of
93% in the performance-weighted pooled estimates.

Figure 2. Overview of participants’ responses to the 14 calibration questions. The dots represent
participants’ best estimates of the 30-day mortality rates and the horizontal bars represent their 90%
credible intervals. The true 30-day mortality rate is reported in parentheses and depicted by the
vertical line. Participants with calibration scores above 0.05 are highlighted in blue.

An overview of the 30-day mortality probability estimates obtained through linear
opinion pooling with equal weights and performance-based weights is shown in Figure 3b.
For each vignette, the performance-based weights estimates were consistently lower than
the equal weights estimates. This entailed that those who had high calibration scores,
estimated lower mortality risks than the average participants in the study sample. The
pooled probabilities across all vignettes ranged between 20.7–62.7% and 11.9–50.8% for
equal and performance-based weights, respectively.
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(a) (b) 

Figure 3. Distribution of participants’ responses to the 16 vignettes. Vignettes were sorted in de-
scending order of mean 30-day mortality risk. (a) Overview of recommended treatments per vignette,
subcategorised by participants’ confidence in the optimality of the elected treatment. (b) Boxplots
of the estimated 30-day mortality risks per vignette. Circles denote the mean probabilities (equal
weights) and crosses denote the performance-weighted pooled estimates.

3.4. Heterogeneity in Treatment Preferences and Risk Perceptions

The trends shown in Figure 3 indicated that P-NOM was more frequently recom-
mended to patients for whom a higher 30-day mortality risk was prognosticated on average.
However, preferences for P-NOM differed considerably from participant to participant.
The ICC was estimated at 0.299, which entailed that personal differences between par-
ticipants explained 29.9% of the treatment recommendations. The apparent preference
heterogeneity can be further exemplified by examining the P-NOM choice proportions
across individual participants (see Table 4). On the highest extreme, four orthopaedic
trauma surgeons each recommended P-NOM 10–12 times. On the lowest extreme, four
surgical residents each recommended P-NOM 0–3 times. Hence, although participants
expressed low degrees of uncertainty in the optimality of their elected treatments (see
Figure 3a), their recommendations were divided.

Table 4. Summary of responses to the vignette study and structured expert judgement on participant
level. Responses have been summarised across all 16 vignettes, with the risk range referring to the
mortality risk for the best- and worst-case survival patients as estimated by the orthopaedic trauma
surgeon/surgical resident.

Profession Experience P-NOM Recommendations Risk Range

Orthopaedic trauma surgeon >10 years 12/16 vignettes 35–95%
Orthopaedic trauma surgeon >10 years 10/16 vignettes 25–65%
Orthopaedic trauma surgeon >10 years 4/16 vignettes 35–75%
Orthopaedic trauma surgeon 5–10 years 12/16 vignettes 15–65%
Orthopaedic trauma surgeon 5–10 years 11/16 vignettes 5–35%
Orthopaedic trauma surgeon 5–10 years 3/16 vignettes 15–55%

Surgical resident 5–10 years 7/16 vignettes 15–85%
Surgical resident 5–10 years 3/16 vignettes 5–55%
Surgical resident 5–10 years 2/16 vignettes 5–65%
Surgical resident <5 years 8/16 vignettes 15–55%
Surgical resident <5 years 4/16 vignettes 15–95%
Surgical resident <5 years 2/16 vignettes 65–95%
Surgical resident <5 years 2/16 vignettes 15–75%
Surgical resident <5 years 0/16 vignettes 15–35%
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Furthermore, as shown in Figure 3b, participants’ perceptions of 30-day mortality risks
were also highly dispersed. For vignettes 8 and 16, for instance, the estimated prognoses
varied between 15 and 95%. On the individual participant level, a difference in how
sensitive their risk perceptions were to changes in patient attributes was observed as well
(see Table 4). For three participants, the perceived mortality risk between the best- and
worst-case survival patients only differed by 20–30 percentage points. For five others, this
difference was 60–80 percentage points.

3.5. Participants’ Feedback

In total, nine participants provided feedback on what information they missed in the
vignette descriptions. Two participants expressed that they did not need any additional
information. The remaining participants expressed a wish for more clinical details, that is,
patients’ pulmonary status, survival prognoses for metastatic cancer, mobility status, and
the motivation behind high ASA scores. Additionally, participants expressed that aspects of
real-life decision-making were lacking in the vignettes. For example, second opinions from
geriatricians, anaesthesiologists and cardiologists could have helped in shaping a better
treatment proposal. Furthermore, the nuances of being able to look patients in the eye
and ask them and their relatives about their personal treatment preferences were deemed
important in real-life decision-making as well.

4. Discussion

This paper reports on the first quantitative decision analysis of surgical residents’ and
orthopaedic trauma surgeons’ P-NOM recommendations for hypothetical cases of frail
geriatric hip fracture patients. The results showed that metastatic carcinoma, severe heart
failure, end-stage renal failure and dementia had the strongest influence on their preferences
to recommend P-NOM. While cancer, renal insufficiency and dementia were already identi-
fied as common comorbidities in non-operatively treated hip fracture patients [13], we are
the first to quantify their impact on physicians’ treatment recommendations. Furthermore,
we found that preferences for P-NOM generally increased with perceived mortality risks.
These findings underline and confirm that comorbidities leading to increased mortality
risk are some of the strongest indicators to favour P-NOM over surgery [8,66].

However, some of these findings were unexpected, given the a priori hypotheses.
First, based on the power analysis with an assumed OR of 1.4, no significant effect was
expected to be found for the influence of dementia. In fact, with an observed OR of 3.35,
dementia appeared to have a substantially higher influence on preferences for P-NOM than
hypothesised. Second, the estimated effect size of metastatic carcinoma appeared to be
highly influenced by the specification of the informative prior. The a priori assumed OR of
2.5 was substantially smaller than the observed ORs of 4.42 (2.14–8.95) and 6.41 (2.43–16.78)
for informative and noninformative priors, respectively. This gives rise to the question of
whether the influence of these attributes was undervalued in the a priori hypotheses or
whether participants overvalued these attributes.

In retrospect, we would like to plead for the former. The a priori assumed effect sizes
of the attributes were solely estimated based on their prognostic value for 30-day mortality.
Initially, the assumption was made that 30-mortality risk could function as a viable proxy
to model the ORs in the vignette study, since the risk of early death is a leading argument
to elect P-NOM according to the national guidelines [8]. However, 30-day mortality risk
alone may not be sufficient to fully encompass the benefit of P-NOM, as it overlooks QoL
considerations [9]. A previous study found that over 90% of the 271 surveyed healthcare
providers expressed that a poor postoperative QoL prospect was a common reason for
them to treat frail geriatric hip fracture patients non-operatively [66]. Hence, we may have
undervalued the influence of dementia and metastatic carcinomas in the priors as QoL was
not accounted for. To substantiate these claims, important QoL considerations for both
conditions will be delineated.
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First, it is increasingly acknowledged that dementia is a terminal condition [67–69]
that necessitates palliative care assessments [70]. This necessity is particularly pronounced
in the advanced stages of dementia, with inclinations towards self-neglect in the form of
malnutrition due to dysphagia [67]. In end-of-life care for demented older adults, Dutch
clinicians agree that forgoing artificial nutrition and hydration (ANH) could be good medi-
cal practice [71], as ANH prolongs patients’ lives at the expense of serious discomfort [72].
Hence, safeguarding the QoL of demented patients may in fact entail safeguarding a hu-
mane death. However, these circumstances may not be applicable to all demented hip
fracture patients, but primarily to those with advanced dementia [18]. Nevertheless, since
preoperative dementia is a well-known significant risk factor for postoperative delirium,
surgery may accelerate patients’ cognitive decline [42–44]. With these outcomes in mind,
the perceived benefit of P-NOM may come from poor postoperative QoL prognoses, on top
of increased mortality risk.

Second, recovery-oriented surgery is unlikely to improve the well-being of geriatric
hip fracture patients who are debilitated by advanced malignancy [6]. While pain reduction
could be a viable reason to elect surgery [73], the treatment’s benefit depends on the
patient’s age and health status. Preference studies have shown that cancer patients aged
65 years and older are less willing to trade prolonged survival for decreased QoL than their
younger counterparts [74]. Especially for those who are frail and suffer from metastasis,
the best supportive care could be preferred due to its acceptable outcomes with respect
to QoL [75–77]. Therefore, considering the implications of frailty and patients’ end-of-life
preferences, QoL aspects may have contributed to the perceived benefit of P-NOM for hip
fracture patients with metastatic cancer.

While several patient attributes were found to be critical for preoperative decision-
making, it should be noted that treatment preferences were rather heterogeneous. On the
one hand, heterogeneity in stated preferences could be attributable to the simplified nature
of the vignettes, leading to a lack of nuances, which could have helped participants assess
the patient cases more confidently and reliably. On the other hand, even for vignettes where
participants consistently expressed (high) certainty for the optimality of their treatment
recommendations, stated preferences remained divided. These observations are most likely
reflecting the lack of guidelines for considering P-NOM.

Besides that, substantial heterogeneity in 30-day mortality risk perceptions was ob-
served as well. This exemplifies the need for objective 30-day mortality prediction models
to streamline risk perceptions. Through the SEJ, an attempt was made to forge a rational
consensus between participants’ dispersed risk estimates. Through linear opinion pool-
ing with performance-based weights, the expert judgements yielded a 30-day mortality
prediction range between 11.9 and 50.8% across all vignettes. However, the maximum
risk estimate appeared to be rather low, considering that it was the prognosis for a male
institutionalised ASA IV patient between the ages of 80 and 89 years with severe functional
handicaps, severe heart failure, metastatic cancer and end-stage renal failure.

To place the expert-driven estimates into perspective, a comparison was made with
data-driven prediction models. An overview of the maximum predicted risks and the
respective predictor variables of the Nottingham Hip Fracture Score (NHFS) [22], Almelo
Hip Fracture Score (AHFS) [20], AHFS90 [78] and Brabant Hip Fracture Score (BHFS) [21]
is shown in Table 5. This overview shows that most predictors also appear in the vignettes.
The vignettes, however, include three strong predictors for 30-day mortality that are not
included in the prediction models: metastatic cancer, severe heart failure and end-stage
renal failure. Based on our systematic review [35], we observed that these predictors have
larger effect sizes than most of the other predictors considered in the NHFS, AHFS, AHFS90

and BHFS. Yet, the performance-based weights estimate only attained a marginally higher
maximum risk than the NHFS and BHFS. In comparison to the AHFS and the AHFS90,
physicians’ collective judgements were lower, regardless of using equal or performance-
based weights. As the maximum AHFS and AHFS90 were computed in a relatively healthy
population compared to the vignettes, physicians’ collective estimates are likely downward
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biassed for the most vulnerable patients. Thus, patients at high risk of early mortality are
potentially underidentified in practice.

Table 5. Comparison of maximum 30-day mortality risks as estimated by prediction models and
physicians’ judgements. Attributes included in prediction models/vignette are marked with an X.

Attribute

30-Day Mortality Prediction Models Physicians

NHFS
(45.0%)

AHFS
(68.4%)

AHFS90

(64.5%)
BHFS

(46.6%)
EW

(62.9%)
PW

(50.8%)

Age X X X X X X
Gender X X X X X X

Preoperative residence X X X X X X
History of malignancy X X X X 1 X 1

Cognitive impairment X X X X X
Admission haemoglobin X X X X

ASA classification X X X X
Number of comorbidities X X

Mobility X
COPD X

Diabetes X
Functional status X X

Severe heart failure X X
End-stage renal failure X X

Fracture type X X

NHFS Nottingham Hip Fracture Score, AHFS Almelo Hip Fracture Score, AHFS90 Almelo Hip Fracture Score
in patients aged ≥90 years, BHFS Brabant Hip Fracture Score, EW equally weighted pooled estimate, PW
performance-weighted pooled estimate, ASA American Society of Anesthesiologists physical status classification,
COPD chronic obstructive pulmonary disease. 1 Malignancy was exclusively defined as metastatic cancer.

However, several limitations may have downward biassed the equal and performance-
based weight estimates for the most vulnerable patients. Since only nine participants
completed the SEJ, underestimations may have been observed due to chance. Replication
of the study in a larger cohort is necessary to confirm the findings. Nevertheless, two well-
calibrated surgical residents were observed in this sample, accounting for a cumulative
weight of 93% in the pooled estimates. Based on the premise of the SEJ, it is counterintuitive
that they underestimated the 30-day mortality risk for the most vulnerable patients. It is
postulated that the calibration questions did not capture the relevant range of expertise for
the diverse vignettes, as the questions’ true realisations were limited to 30-day mortality
rates between 3.9 and 33.2%. As the SEJ instrument calibrated participants to relatively
healthy patients, a high calibration score did not reflect accurate predictions for high-risk
patients. Future researchers should examine how the limited data on high-risk patients can
be used more effectively to develop representative calibration questions.

Another limitation of this study was that the multi-faceted decision context was solely
represented by surgical residents and orthopaedic trauma surgeons. Recommending ad-
equate palliative care remains a challenging task, as trade-offs are to be made between
relieving pain through surgery with risks of iatrogenesis [10,11] and resorting to analgesics
in P-NOM with higher risks of pain undertreatment [9]. In our study, the participants ex-
pressed that the perspectives of other clinicians, such as geriatricians and anaesthesiologists,
could have helped in improving the adequacy of the treatment proposals. Affirmatively,
studies have shown that consultations with geriatricians were highly influential in the preop-
erative decision-making process [18]. Hence, the expertise from a broader group of clinical
stakeholders may be necessary to adequately develop guidelines for considering P-NOM.

Finally, the results of the vignette study should be interpreted with caution due to the
small sample size. According to our a priori power analysis, the study was only sufficiently
powered for a few attributes: metastatic carcinoma, severe heart failure and end-stage renal
failure. Increasing the sample size will likely result in the detection of meaningful effects
for physical status, preoperative residence and functional status, since the ORs of these
attributes have 95% CrIs, which are close to non-overlapping with the null effect. As it may
be challenging to enrol sufficient participants, our posterior distributions could be used as
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highly informative priors in future work. By systematically updating the evidence found in
this study through a Bayesian framework, the foundations laid here may strongly alleviate
large sample size requirements in future studies.

5. Conclusions

This study demonstrated that the presence of metastatic carcinomas (OR: 4.42, CrI:
2.14–8.95), severe heart failure (OR: 4.05, CrI: 1.89–8.29), end-stage renal failure (OR: 3.54,
CrI: 1.76–7.35) and dementia (OR: 3.35, CrI: 1.70–7.06) had the strongest influence on the
decisions of surgical residents and orthopaedic trauma surgeons to favour P-NOM in frail
geriatric hip fracture patients. Although they were more inclined to abstain from surgery
amongst patients for whom higher 30-day mortality risks were prognosticated on average,
heterogeneity in treatment preferences and risk perceptions was substantial. Hence, objec-
tive 30-day mortality prediction models should be used in clinical practice to streamline risk
perceptions. However, objective mortality risk estimates alone are postulated to be insuffi-
cient to identify eligible candidates for P-NOM. Although meta-analyses revealed that some
of the examined attributes were of small-to-moderate prognostic value for 30-day mortality,
surgical residents and orthopaedic trauma surgeons could still strongly associate them with
favouring P-NOM. The increased impact of these attributes is presumably derived from
poor postoperative QoL prognoses, in addition to increased 30-day mortality risk. Hence,
based on the stated preferences, more emphasis may need to be put on QoL considerations
in clinical guidelines, to adequately provide decision support for considering P-NOM.
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Appendix A

Table A1. Complete descriptions of the 16 vignettes included in the experimental design.

ID ASA Fracture Gender Age
Severe Functional

Handicaps
Residence Dementia

Severe Heart
Failure

Metastasis ESRF

1 III DFN Female 80–89 No Home No No No No

2 IV UFN Female 90+ No Home No Yes No Yes

3 IV DFN Female 90+ No Institution Yes No Yes Yes

4 IV EXT Male 80–89 Yes Institution No Yes Yes Yes

5 IV EXT Female 90+ Yes Home No No Yes No

6 III DFN Male 80–89 Yes Home Yes No No Yes

7 IV UFN Female 80–89 Yes Institution Yes No No Yes
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Table A1. Cont.

ID ASA Fracture Gender Age
Severe Functional

Handicaps
Residence Dementia

Severe Heart
Failure

Metastasis ESRF

8 IV UFN Male 80–89 No Home Yes Yes Yes No

9 IV DFN Male 90+ Yes Home Yes Yes Yes No

10 III EXT Female 90+ Yes Home Yes Yes Yes Yes

11 IV DFN Female 80–89 Yes Institution No Yes Yes No

12 III DFN Male 90+ No Institution No Yes Yes Yes

13 III UFN Male 90+ Yes Institution No No Yes No

14 IV EXT Male 80–89 No Home No No Yes Yes

15 IV EXT Male 90+ No Institution Yes No Yes No

16 III EXT Female 80–89 No Institution Yes Yes Yes No

ASA American Society of Anesthesiologists physical status classification, ESRF end-stage renal failure, DFN
displaced femoral neck, UFN undisplaced femoral neck, EXT extracapsular.

Table A2. Overview of calibration questions and the corresponding 30-day mortality rates according
to the Dutch Hip Fracture Audit Taskforce Indicators (DHFA-TF) group.

ID Calibration Question Mortality

1 How many percent of the female hip fracture patients aged 80 years or older died within 30 days following hip fracture
surgery between 2017 and 2019, according to the DHFA-TFI group? 8.0%

2 How many percent of the male hip fracture patients aged 90 years or older died within 30 days following hip fracture
surgery between 2017 and 2019, according to the DHFA-TFI group? 18.3%

3 How many percent of the hip fracture patients aged 85 years or older with an ASA IV classification died within
30 days following hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group? 25.9%

4 How many percent of the hip fracture patients aged 80 years or older with an ASA II-III classification died within 30 days
following hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group? 8.2%

5
How many percent of the hip fracture patients aged 80 years or older with a high risk of malnutrition

(SNAQ score ≥ 3) and pre-fracture institutional residence died within 30 days following hip fracture surgery between
2017 and 2019, according to the DHFA-TFI group?

22.8%

6
How many percent of the hip fracture patients aged 80 years or older with a high risk of malnutrition

(SNAQ score ≥ 3) and preoperative anaemia died within 30 days following hip fracture surgery between 2017 and 2019,
according to the DHFA-TFI group?

13.9%

7 How many percent of the hip fracture patients aged 80 years or older with a displaced femoral neck fracture died within
30 days following hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group? 6.5%

8
How many percent of the hip fracture patients aged 80 years or older who were fully independent in activities of daily
living (Katz score of 6) and at low risk of malnutrition (SNAQ score ≥ 1) died within 30 days following hip fracture

surgery between 2017 and 2019, according to the DHFA-TFI group?
4.2%

9
How many percent of the hip fracture patients aged 90 years or older, who were mobile without walking aids and did

not have dementia, died within 30 days following hip fracture surgery between 2017 and 2019, according to the
DHFA-TFI group?

10.2%

10
How many percent of the hip fracture patients aged 80 years or older with an ASA IV classification and prefracture
institutional residence died within 30 days following hip fracture surgery between 2017 and 2019, according to the

DHFA-TFI group?
33.2%

11 How many percent of the hip fracture patients aged 90 years or older with an extracapsular fracture and preoperative
anaemia died within 30 days following hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group? 15.7%

12 How many percent of the hip fracture patients aged 90 years or older with an ASA I-II classification died within
30 days following hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group? 3.9%

13
How many percent of the hip fracture patients aged 90 years or older with an ASA III-IV classification, dementia and

pre-fracture institutional residence died within 30 days following hip fracture surgery between 2017 and 2019,
according to the DHFA-TFI group?

23.2%

14 How many percent of the hip fracture patients aged 90 years or older with severe functional handicaps (Katz score 0–2) died
within 30 days following hip fracture surgery between 2017 and 2019, according to the DHFA-TFI group? 16.7%

Katz and SNAQ scores were explained to the participants. Patient characteristics of interest were emphasised in
bold to improve the readability of the calibration questions in the survey.
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Appendix B

Convergence of the Markov chains was confirmed visually by inspection of the trace
plots (see Figures A1–A3) and autocorrelation plots (see Figure A4). The trendless trace
plots and rapid decays in the autocorrelation plots were indicative of healthy convergence.
Furthermore, Geweke’s convergence test yielded p-values above 0.05 for all regression
coefficients, implying that stationarity could be assumed. Upon inspecting the frequency
histograms of the posterior draws (see Figure A5), the distributions appeared to be smooth
without substantial gaps between the bins. Hence, 15,000 samples were ample enough to
adequately represent the posterior distributions.

Figure A1. Trace plots and densities of the posterior distributions of the coefficients (1/3).
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Figure A2. Trace plots and densities of the posterior distributions of the coefficients (2/3).
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Figure A3. Trace plots and densities of the posterior distributions of the coefficients (3/3).
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Figure A4. Autocorrelation plots of the Markov chains for each regression coefficient.
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Figure A5. Histograms of the posterior samples drawn through Markov Chain Monte Carlo sampling
for each regression coefficient.
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Abstract: (1) Background: Hip fracture patients with very limited life expectancy can opt for non-
operative management (NOM) within a palliative care context. The implementation of NOM in the
palliative context may affect the mortality of the operatively treated population. This retrospective
cohort study aimed to determine whether the operatively treated geriatric hip fracture population
would have a lower in-hospital mortality rate and fewer postoperative complications after the
introduction of NOM within a palliative care context for patients with very limited life expectancy.
(2) Methods: Data from 1 February 2019 to 1 February 2022 of patients aged 70 years or older were
analyzed to give a comparison between patients before and after implementation of NOM within a
palliative care context. (3) Results: Comparison between 550 patients before and 485 patients after
implementation showed no significant difference in in-hospital or 1-year mortality rates (2.9% vs.
1.4%, p = 0.139; 22.4% vs. 20.2%, p = 0.404, respectively). Notably, post-implementation, fewer patients
had prior dementia diagnoses (15% vs. 21%, p = 0.010), and intensive care unit admissions decreased
(3.5% vs. 1.2%, p = 0.025). (4) Conclusions: The implementation of NOM within a palliative care
context did not significantly reduce mortality or complications. However, NOM within palliative
care is deemed a more patient-centered approach for geriatric hip fracture patients with very limited
life expectancy.

Keywords: hip fracture; geriatric; mortality; complications; palliative; non-operative; operative

1. Introduction

Hip fractures in older patients are increasingly prevalent in current trauma care and
create a rising problem, with the global number of hip fractures expected to increase to
6.3 million annually in 2050 [1,2]. Hip fractures are historically treated with operative man-
agement (OM); however, outcomes (i.e., mortality and morbidity) following OM remain
very poor for specific phenotypes of geriatric patients with several risk factors associated
with adverse outcomes [3–6]. These risk factors include increasing age, the American
Society of Anesthesiologists (ASA) classification of three or higher, low ambulation status,
and cognitive impairment [4,6]. For these frail geriatric hip fracture patients with very
limited life expectancy, a new non-operative management (NOM) within a palliative care
context is increasingly offered as an alternative to OM [7,8]. This differs from historical
non-operative management, which was typically received by relatively young and healthy
individuals with non-displaced femoral neck fractures, or those with significant comorbidi-
ties that rendered surgery non-beneficial, often leading to surgical refusal by the anesthesia
team [7,9]. Therefore, NOM within a palliative care context encompasses a distinct form of
non-operative treatment, different from the historical non-operative approach. With NOM
within a palliative care context, patients can opt through shared decision-making (SDM) for
a more peaceful last phase of life compared to an uncertain period of invasive rehabilitation
after hip fracture surgery [10,11]. Current literature has focused on the mortality of the
geriatric hip fracture population, including operatively treated patients with very limited
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life expectancy [12–15]. However, these mortality rates for geriatric hip fracture patients
after OM could be skewed due to this group of frail patients with limited life expectancy.
The hypothesis is that these patients, who only recently have other options than OM,
influenced the previously reported mortality rate of the operatively treated hip fracture
population and consequently made it appear worse. Therefore, after the introduction of
NOM within a palliative care context, the operatively treated hip fracture population might
show fewer adverse outcomes after OM, resulting in a decrease in the burden of care at
the trauma-geriatric ward. This study aims to determine whether the operatively treated
geriatric hip fracture population will have a lower in-hospital mortality rate and fewer
postoperative complications after the introduction of NOM within a palliative care context.

2. Materials and Methods

2.1. Study Design

This retrospective cohort study was performed on geriatric hip fracture patients who
presented to the emergency department (ED) of a large regional teaching hospital in the
Netherlands between 1 February 2019 and 1 February 2022. Patients were identified from
the electronic medical records through Diagnosis Related Groups (abbreviated as Diagnose
Behandel Combinatie in Dutch): 218, hip fracture. The Business Intelligence department
utilized code 218 to extract patient identification codes for all hip fracture patients. Patients
were eligible for inclusion if they were aged 70 years or older and were admitted to the
trauma-geriatric ward after OM for a hip fracture. Patients with a pathological hip fracture,
an injury severity score of 16 or higher, or a periprosthetic hip fracture were excluded. File
searching was conducted on all eligible patients to gather variables essential for this study.
The STROBE guidelines were used to guide this study [16].

2.2. Non-Operative Management within a Palliative Care Context

NOM within a palliative care context has emerged as a novel treatment approach with
a distinct palliative perspective. Loggers et al. have demonstrated that patients opting for
NOM within a palliative care context experience a quality of life that is non-inferior to that
of individuals opting for surgical intervention during the terminal phases of life; indicating
NOM as a viable treatment strategy within palliative care settings, emphasizing a more
patient-centered approach [11].

NOM within a palliative care context was introduced in this center as an option on
1 August 2020 for geriatric hip fracture patients considered frail and with very limited life
expectancy. Patients were considered frail with one or more frailty criteria (body mass
index (BMI) of 18.5 kg/m2 or lower, functional ambulation category (FAC) of 2 or lower
pre-trauma, ASA score of 4 or 5) or on the clinical judgment of the attending surgeon
when thought of limited life expectancy without meeting the frailty criteria [11]. This
clinical judgment is informed by the intuition of highly experienced trauma surgeons who
frequently encounter such patients. The option is presented through an extensive shared
decision-making (SDM) conversation, frequently involving family members, wherein both
the outcomes of surgery and NOM within a palliative care context are thoroughly dis-
cussed. Approximately 25% of patients presenting to the ED engage in an extensive shared
decision-making conversation, during which both treatment options are thoroughly dis-
cussed. Ultimately, approximately half of these patients choose NOM within a palliative
care context, while the remaining half express a preference for surgical intervention. Hence,
patients always retain the option to undergo surgery if they wish to. With NOM within
a palliative care context, specific attention is paid to analgesia and patient comfort with-
out aiming the patient to regain mobility and start the active rehabilitation program [11].
With the emergence of new effective analgesic modalities, such as the pericapsular nerve
group block, a peripheral nerve block, satisfactory results regarding patient comfort ought
to be achieved [17]. Since NOM within a palliative care context is not curative manage-
ment, patients are likely to die within weeks after hip fracture (median survival 11 days
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(IQR 4-26)) [10]. The renewed hip fracture pathway for geriatric patients is shown in
Supplemental Figure S1.

2.3. Study Variables

The following baseline characteristics were collected from electronic medical records:
age, sex, prior diagnosis of dementia (diagnosed by a geriatrician or general practitioner),
BMI, Charlson Comorbidity Index (CCI), pre-fracture living situation (independent at
home, at home with assistance for activities of daily living, institutionalized care facility),
pre-fracture mobility (freely mobile without aids, mobile with one aid, mobile with two
aids or frame, indoor mobility but outdoor immobile, no functional mobility), type of
fracture (based on the OTA classification: OTA 31A for trochanteric fractures or OTA 31B
for femoral neck fractures), and type of surgical procedure (sliding hip screw, proximal
femoral nail anti-rotation, hemiarthroplasty, cannulated hip screw, hip arthroplasty) [18].

2.4. Outcome Measures

The primary outcome of this study was in-hospital mortality. Secondary outcomes
were postoperative complications (surgical and non-surgical complications), admission to
an intensive care unit (ICU), hospital length of stay, hospital readmission within 30 days
after discharge, 30-day mortality, 90-day mortality, and 1-year mortality. Surgical com-
plications included wound infection, postoperative hemorrhage, or secondary surgical
intervention, such as wound rinsing and prosthesis revision. Non-operative complications
included thrombo-embolic events (cerebrovascular accidents, deep venous thrombosis,
and pulmonary embolisms), cardiac complications (myocardial infarction, arrhythmia, and
congestive heart failure), pneumonia, urinary tract infection, delirium, pressure ulcer, need
for blood transfusion, and urinary retention. Data on mortality were acquired by consulting
the municipal citizen registry, and data on complications, when diagnosed by an attending
physician, were extracted from electronic medical records.

2.5. Statistical Analysis

Statistical analysis was performed using SPSS for Windows 20.0 (IBM, Chicago, IL,
USA). Differences between patients admitted before (pre-cohort) and after (post-cohort) the
implementation of NOM within a palliative care context were analyzed using descriptive
statistics. Continuous variables were tested for differences between groups with an un-
paired t-test or Mann–Whitney U test, depending on normality. Normality was tested using
the Shapiro–Wilk test. All categorical and dichotomous data were tested with a chi-square
test. Descriptive statistics have been presented as mean with standard deviation or median
with interquartile ranges (IQRs), depending on the distribution. For all statistical tests,
p-values less than or equal to 0.05 are considered significant.

3. Results

3.1. Patient Demographics

In total, 1263 patients presented at the ED with a hip fracture. After exclusion,
1035 were included in the analysis. A total of 550 patients were included in the pre-
cohort, and 485 patients were included in the post-cohort (Figure 1). The study population
had a median age of 82 years (IQR 76–87), consisted of 688 females (66.5%), and had a
median BMI of 24.0 (IQR 21.7–26.7). A femoral neck fracture was diagnosed in 588 (56.8%)
of the patients, whereas 447 (43.2%) patients sustained a trochanteric fracture. The majority
of 666 patients (64.3%) lived independently at home without additional care before admis-
sion, 206 patients (19.9%) lived at home with activities for daily living (ADL) support, and
163 patients (15.7%) were admitted to an institutionalized care facility (Table 1). Regarding
the patients who were excluded from this analysis for receiving NOM within a palliative
care context, these patients (n = 71) had a median age of 86 (IQR 82–91), 46 (64.8%) were
female, 43 (60.6%) had a prior diagnosis of dementia, and the median CCI was 6 (IQR 5–7).
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Prior to the fracture, 46 (64.8%) patients lived in an institutionalized care facility, and only
4 (5.6%) patients could mobilize freely without aids (Table 2).

Figure 1. Flow chart of the selection process of included patients who underwent operative treatment
for a hip fracture. ED = emergency department; NOM = non-operative management.

Table 1. Baseline characteristics of hip fracture patients who underwent operative treatment.

Baseline Variable
Data

Missing
Total (n = 1035)

Pre-Cohort
(n = 550)

Post-Cohort
(n = 485)

p-Value

Age (in years) 0 (0) 82 (76–87) 82 (77–88) 82 (76–87) 0.893

Female sex 0 (0) 688 (66.5) 379 (68.9) 309 (63.7) 0.086

Prior diagnosis of dementia 0 (0) 188 (18.2) 116 (21.1) 72 (14.8) 0.010

BMI in kg/m2 27 (2.6) 24.0 (21.7–26.7) 23.9 (21.6–26.2) 24.2 (21.9–27.0) 0.095

CCI 0 (0) 5 (4–6) 5 (4–6) 5 (4–6) 0.373

Living situation before fracture 0 (0) 0.151

Home, independent 666 (64.3) 341 (62.0) 325 (67.0)
Home, with ADL care 206 (20.0) 112 (20.4) 94 (19.4)
Institutionalized care facility 163 (15.7) 97 (17.6) 66 (13.6)

Pre-fracture mobility 2 (0.2) 0.147

Freely without aids 467 (45.1) 243 (44.2) 224 (46.2)
Outdoors with 1 aid 47 (4.6) 27 (4.9) 20 (4.1)
Outdoors with 2 aids or frame 496 (47.9) 272 (49.5) 224 (46.2)
Indoor, but immobile outside 18 (1.7) 4 (0.7) 14 (2.9)
No functional mobility 5 (0.5) 3 (0.5) 2 (0.4)

Fracture type 0 (0) 0.314

Femoral neck fracture 588 (56.8) 304 (55.3) 284 (58.6)
Trochanteric fracture 447 (43.2) 246 (44.7) 201 (41.4)
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Table 1. Cont.

Baseline Variable
Data

Missing
Total (n = 1035)

Pre-Cohort
(n = 550)

Post-Cohort
(n = 485)

p-Value

Surgical procedure 0 (0) 0.136

Sliding hip screw 69 (6.7) 41 (7.5) 28 (5.8)
Proximal femoral nail anti-rotation 443 (42.8) 246 (44.7) 197 (40.6)
Hemiarthroplasty 462 (44.6) 237 (43.1) 225 (46.4)
Cannulated hip screw 6 (0.6) 4 (0.7) 2 (0.4)
Total hip arthroplasty 55 (5.3) 22 (4.0) 33 (6.8)

All variables are in total amount (percentage) or median (interquartile range, IQR). BMI = body mass index;
CCI = Charlson Comorbidity Index; ADL = activities of daily living.

Table 2. Characteristics and outcomes of hip fracture patients who underwent non-operative man-
agement within a palliative care context.

NOM Cohort Data Missing
Total

(n = 71)

Age (in years) 86 (82–91)

Female sex 46 (64.8)

Prior diagnosis of dementia 43 (60.6)

BMI in kg/m2 13 (18) 21.9 (19.7–24.2)

CCI 6 (5–7)

Living situation before fracture

Home, independent 9 (12.7)
Home, with ADL care 16 (22.5)
Institutionalized care facility 46 (64.8)

Pre-fracture mobility 5 (7)

Freely without aids 4 (5.6)
Outdoors with 1 aid 6 (8.5)
Outdoors with 2 aids or frame 29 (40.8)
Indoor, but immobile outside 19 (26.8)
No functional mobility 8 (11.2)

Admission in hospital 43 (60.6)

Hospital length of stay (in days) 3 (2–5)

Mortality

In-hospital 8 (11.3)
30-day 57 (80.3)
90-day 63 (88.7)
1-year 68 (95.8)

Time till death (in days) 9 (5–22)
All variables are in total amount (percentage) or median (interquartile range, IQR). BMI = body mass index;
CCI = Charlson Comorbidity Index; ADL = activities of daily living.

In the pre-cohort, 379 patients (68.9%) were female, and the post-cohort consisted of
309 female patients (63.7%) (p = 0.086). The post-cohort had significantly fewer patients
diagnosed with dementia than the pre-cohort (72 (15%) vs. 116 (21%), p = 0.010). No
significant difference between the pre-cohort and post-cohort was measured in the living
situation and pre-fracture mobility before the hip fracture. In addition, there were no
significant differences between the two cohorts at baseline regarding age, BMI, fracture
type, or surgical procedure.
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3.2. Mortality and Postoperative Complications

After the implementation of NOM within a palliative care context, no statistically
significant difference was observed in in-hospital mortality (2.9% vs. 1.4%, p = 0.139).
Additionally, the 30-day (6.4% vs. 4.7%, p = 0.281), 90-day (10.9% vs. 10.3%, p = 0.763), and
1-year (22.4% vs. 20.2%, p = 0.404) mortality follow-up periods also showed no statistical
significance in mortality between the two cohorts (Table 3). Significantly more postoperative
hemorrhages occurred in the post-cohort (0.2% vs. 1.9%, p = 0.018). Admissions to the ICU
showed a significant decrease in the post-cohort (3.5% vs. 1.2%, p = 0.025). There were no
significant differences in the incidence of other complications, readmissions, or hospital
length of stay (Table 3). In total, 8 out of 71 (11.3%) patients died in the hospital who opted
for NOM within a palliative care context. The 30-day, 90-day, and 1-year mortality were
57 (80.3%), 63 (88.7%), and 68 (95.8%), respectively. The median number of days until death
for patients who opted for NOM within a palliative care context was 9 (IQR 5-22) days after
hip fracture (Table 2).

Table 3. Patient outcomes of operatively treated hip fracture patients.

Patient Outcomes
Pre-Cohort

(n = 550)
Post-Cohort

(n = 485)
p-Value

Mortality

In-hospital 16 (2.9) 7 (1.4) 0.139
30-day 35 (6.4) 23 (4.7) 0.281
90-day 60 (10.9) 50 (10.3) 0.763
1-year 123 (22.4) 98 (20.2) 0.402

Patients with complications 286 (52) 272 (56) 0.190

Surgical complications 28 31

Wound infection 24 (4.4) 20 (4.1) 0.878
Secondary hemorrhage 1 (0.2) 9 (1.9) 0.018
Re-intervention 3 (0.5) 2 (0.4) 1.000

Non-surgical complications 418 416

Thrombo-embolic 8 (1.5) 8 (1.6) 0.807
Cardiac 42 (7.6) 40 (8.2) 0.731
Pneumonia 48 (8.7) 41 (8.5) 0.912
UTI 37 (6.7) 35 (7.2) 0.807
Delirium 149 (27.1) 138 (28.5) 0.627
Pressure ulcer 26 (4.7) 30 (6.2) 0.336
Anemia 70 (12.7) 77 (15.9) 0.154
Urinary retention 30 (5.5) 40 (8.2) 0.083
Sepsis 8 (1.5) 7 (1.4) 1.000

Admission to ICU 19 (3.5) 8 (1.2) 0.025

Readmission 26 (4.7) 32 (6.6) 0.223

Hospital length of stay (in days) 6 (4-9) 6 (5-9) 0.053
All variables are in total amount (percentage) or median (interquartile range, IQR). UTI = urinary tract infection;
ICU = intensive care unit.

4. Discussion

This study retrospectively analyzed elderly patients admitted to the trauma-geriatric
ward after OM. The results of this study showed no significantly lower mortality rate or
fewer postoperative complications for the post-cohort after the introduction of NOM within
a palliative care context for hip fracture patients. However, significantly fewer operatively
treated demented patients and significantly fewer ICU admissions in the post-cohort were
observed. In addition, the NOM group showed the majority of patients opting for this
management after hip fracture dying within 30 days (80.3%) with a median time till death
of 9 (5–22) days.
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This study observed an in-hospital mortality risk of 2.9% pre-implementation and 1.4%
post-implementation, which corresponds with recent studies showing in-hospital mortality
rates for geriatric hip fracture patients ranging from 1.5% to 5.0% [12,14,15]. Although the
difference between the two cohorts in this study was not significant, a cautious trend to a
lower in-hospital mortality can be seen in the percentage of in-hospital deceased patients.
Subsequently, there are indications of a lower mortality rate with the absence of high-risk
patients opting for NOM within a palliative care context. One-year mortality rates of 22.4%
pre-implementation and 20.2% post-implementation also showed no significant decrease
but did show lower mortality rates than recent literature, which ranges from 23.2% to
35.1% [19–22]. Compared with a 2018 cohort study in our center with a reported mortality
rate of 27.0%, this study found substantially lower 1-year mortality rates [19]. This could
be explained by the recent introduction of trauma-geriatric units and their subsequent
improvement over the years [22–24]. One possible explanation for the minor impact on
mortality rates could be that the clinical outcomes of the post-cohort were affected by
the COVID-19 pandemic since these two periods largely coincided. The interference of
the pandemic cannot be ruled out and possibly led to an overestimation of mortality,
especially in the post-cohort since the geriatric population is particularly at risk of dying
from COVID-19 [25–27]. Recent studies report that COVID-19 more than doubles the
90-day mortality rate following hip fracture and show a 30-day mortality rate of 34% in
hip fracture patients with a COVID-19 infection [28,29]. Due to limitations in ascertaining
the cause of death for patients who did not die within the hospital setting and privacy
constraints that prevent access to such information from the municipal citizen registry, it
was deemed unreliable to include these values in this study.

In the post-cohort (14.8%), there were significantly fewer patients with a prior diag-
nosis of dementia compared to the pre-cohort (21.1%). The incidence of the post-cohort
is lower than earlier studies, showing an incidence of 20-28%, which is more in line with
the incidence of the pre-cohort [19,24,30,31]. In recent literature, a high percentage (73%)
of patients diagnosed with dementia opted for this NOM within a palliative care context
after hip fracture, which probably explains the significant decrease in demented patients
undergoing OM [10]. In a survey to investigate the general public’s view on life-sustaining
treatment in the case of dementia, 72.9% expressed a preference for a peaceful passing and
68.9% expressed a preference for their partner to have a peaceful passing [32]. Therefore, it
is possible that patients with dementia or those who care for them are more likely to opt
for NOM within a palliative care context.

Although dementia has also been identified as a risk factor for early mortality after
hip fracture, this does not imply that all dementia patients are at high risk of adverse
outcomes after OM since this is a heterogeneous population with a wide range of physical
and cognitive conditions resulting in a variable outcome [33]. Therefore, in the dementia
population, it remains essential to include individual risk assessments in the decision-
making process.

A possible explanation that the post-cohort did not show fewer postoperative com-
plications could be due to the introduction of an automated complication registration
method in our hospital in January 2021, as it is previously studied that automation of the
registration process results in a rise in the incidence of registered complications without
the increase in relative complications [34].

The postoperative incidence of secondary hemorrhage even increased significantly
in the post-cohort. This result may be due to an increase in the usage of direct oral
anticoagulants (DOACs) over the last few years [35]. Using a DOAC will not result in an
unnecessary surgical delay in our center. There is evidence that wound complications,
including secondary hemorrhage, have a higher incidence in geriatric hip fracture patients
using DOACs [36].

Contrarily, ICU admissions showed a significant decrease in the post-cohort to 1.2%,
which is also lower than that of previously reported incidence rates of 3–4%, which is again
more in line with the incidence of the pre-cohort of 3.5% [30,37]. It seems possible that the
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incidence of patients with severe adverse outcomes requiring ICU admission after OM
significantly decreased due to the identification of frail patients performed in acute settings
resulting in a decrease in OM in the frailest patients. However, as previously stated, the
post-cohort largely coincided with the COVID-19 pandemic. Therefore, it is important to
consider that the decrease in ICU admissions during this period may be attributable to
the limited availability of ICU beds; consequently, reducing the proportion of geriatric hip
fractures admitted to the ICU [38].

One of the strengths of this study, since NOM within a palliative care context is
relatively new in hip fracture management, is being the first to investigate the impact
of the introduction of NOM within a palliative care context on operatively treated hip
fracture patients in terms of mortality and morbidity. The main limitation was this study’s
retrospective nature, resulting in difficulty in acquiring follow-up data for geriatric pa-
tient populations and, therefore, minor complications after admission or cause of death.
Consequently, information on postoperative outcomes after discharge was only available
if patients revisited the hospital. Furthermore, an additional limitation arises due to the
inherent variability in treatment techniques for hip fractures, which depend on numerous
fracture- and patient-related factors These variations may lead to differences in postopera-
tive rehabilitation protocols and complication rates. Nevertheless, we opted to analyze the
operatively treated group as a whole because our primary objective was to assess whether
the overall cohort was influenced by the inclusion of very frail geriatric patients who likely
opted for NOM within a palliative care context since its implementation. Another limitation
could be the possible underpowering of this study due to the limited amount of available
data post-implementation. However, this study has described the largest possible patient
cohort following the implementation of NOM within a palliative care context in this center,
representing the most comprehensive dataset within the specified timeframe. In addition,
changes in management and protocols over time could also have affected the primary and
secondary outcomes. Therefore, potential confounding due to the effect of time could exist.
Lastly, this study only collected clinical data as outcome measures without functional or
psychological outcomes. Future studies with prospective designs could give more insights
into a possible improvement in these outcomes.

With the results of this study, it is tempting to speculate that in the post-cohort, there is
no direct decrease in the overall frailty of the operatively treated hip fracture population. A
decrease in total numbers was described; however not a statistically significant decrease in
in-hospital mortality, there are indications that those with a high risk of short-term adverse
outcomes are more likely to opt for NOM within a palliative care context. Furthermore,
since patients opting for NOM within a palliative care context stay significantly shorter in
the hospital and often (35.0%) return directly from the ED to their place of origin, fewer
complex hip fracture patients are admitted to the trauma-geriatric ward, which further
decreases the burden of care [11]. It is worth mentioning that although costs should
not influence the choice of treatment, the introduction of NOM within a palliative care
context has significantly lowered healthcare costs compared to OM, primarily due to shorter
median hospital length of stay (3 (IQR 2–5) vs. 6 (IQR 4–9) days) and costs related to surgery
and readmissions [39]. However, most importantly, with the introduction of NOM within a
palliative care context, a shift in thinking from a disease-oriented to a patient-goal-oriented
paradigm is ensured. This will provide better person-centered care for geriatric patients
with limited life expectancy.

5. Conclusions

The introduction of NOM within a palliative care context for geriatric hip fracture
patients did not result in a significantly lower in-hospital mortality rate, fewer postoperative
complications, and hospital readmissions in the surgically treated geriatric hip fracture
population. However, NOM within a palliative care context is considered a more patient-
centered treatment modality by frail geriatric hip fracture patients with reduced pre-fracture
mobility and very limited life expectancy.
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Abstract: Objectives: Little is known about the post-operative functional outcomes of severely frail
femur fracture patients, with previous studies focusing on complications and mortality. This study
investigated patient- or proxy-reported outcomes after femur fracture surgery in older adult patients
with severe frailty. Methods: This was a retrospective cross-sectional study of older adult (>70 years)
patients with severe frailty (defined by a Comprehensive Geriatric Assessment-based Frailty Index
(FI-CGA) ≥ 0.40), who underwent femur fracture surgery at a Level 1 Trauma Center. Patients or
their proxy (i.e., close relative) reported mobility, psychosocial, and functional outcomes at least
1-year after surgery. Results: Thirty-seven predominantly female (76%) patients with a median age
of 85 years (IQR 79–92), and a median FI-CGA of 0.48 (IQR 0.43–0.54) were included. Eleven patients
(30%) regained pre-fracture levels of ambulation, with twenty-six patients (70%) able to walk with
or without assistance. The majority of patients (76%) were able to have meaningful conversations.
Of the patients, 54% of them experienced no to minimal pain, while 8% still experienced a lot of
pain. Functional independence varied, as follows: five patients (14%) could bathe themselves; nine
patients (25%) could dress themselves; fourteen patients (39%) could toilet independently; and
seventeen patients (47%) transferred out of a (wheel)chair independently. Conclusions: Despite the
high risk of mortality and perioperative complications, many of the most severely frail patients with
surgically treated femur fractures regain the ability to ambulate and live with a moderate degree of
independence. This information can help healthcare providers to better inform these patients and
their families of the role of surgical treatment during goals of care discussions.

Keywords: geriatric trauma; femur fracture; frailty; self-reported outcome

1. Introduction

Increasing life expectancy and advancements in healthcare has resulted in a rise in the
number of older adult patients presenting with a hip or femur fracture, as well as an increase
in the degree of frailty these patients are living with [1,2]. Frailty is a dynamic biopsychoso-
cial syndrome characterized by a decreased reserve to regain homeostasis after a stressor
event. This is due to a pooled decline of multiple domains (including among them genetics,
biology, function, cognition, nutrition, psychosocial well-being, and socio-economic status),
leading to an inability to recover to baseline and, thus, a greater vulnerability and decreased
resilience to adverse events such as falls, fractures, institutionalization, and death [3–8].
Among patients who suffer hip fractures, frailty has been associated with a higher risk of
perioperative complications and mortality [9–11]. As a result, these frail patients require
greater attention from both orthopedic surgeons and geriatricians, demanding multiple
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medical consultations to manage their many comorbidities. These patients often have
extended lengths of stay (LOS), delayed surgery, and ultimately increased mortality [12–15].
Patients with severe frailty are entering a slow decline and approaching the end of their life.
When managing femur fractures in these patients, it becomes increasingly important to
balance expectations and benefits of surgery with the possible harm of surgical treatment,
aligning patients’ goals of care with expected outcomes.

Multidisciplinary management and treatment approaches, such as Orthogeriatric Co-
management (OGC), have been shown to improve the outcomes and reduce the economic
healthcare burden of geriatric fractures [11,16]. Frailty indices have been developed in an
attempt to better capture patients’ overall medical condition by accounting for age, medical
comorbidities, and their functional and cognitive status. One example is the Comprehensive
Geriatric Assessment (CGA)-based Frailty Index (FI-CGA), which assesses frailty in older
adults by accounting for the accumulation of deficits and reserves based on variables
collected during the CGA [17,18]. This includes (but is not limited to) patient-reported
variables such as mood, changes in memory, polypharmacy, comorbidities, and functional
variables [19]. The FI-CGA better predicts outcomes based on patients’ physiological age
as opposed to chronological age, with higher FI-CGA scores reflecting a higher risk for
adverse outcomes and mortality [20–24].

There is a paucity of literature surrounding the long-term patient-reported outcomes
of severely frail patients undergoing femur fracture surgery. Prior studies have focused on
post-operative complications and mortality in these patients [25–27]. As this population
often faces cognitive impairment, end-of-life care, and a continuous functional decline
regardless of their injury, collecting appropriate functional measures is challenging. This
difficulty has limited the available literature on this population, leading to these patients
being assumed to face inevitable short-term mortality and poor patient outcomes following
femur fractures [28]. In order to improve shared decision-making, it is important to
understand the expected patient-centered outcomes of this specific population to inform
goals of care discussions, and to align the expectations of patients and their families.

The objective of this study is to evaluate the functional outcomes of severely frail
patients with femur fractures in terms of ambulatory status, pain relief, and activities of
daily living.

2. Materials and Methods

This is a single-center, retrospective, cross-sectional study assessing the long-term
functional outcomes of all consecutive severely frail older adult patients with surgically
treated femur fractures (AO 31–33 A-C, including periprosthetic femur fractures) [29,30]
over a 3-year period.

Patients were identified from electronic patient databases using the International
Classification of Diseases Clinical Modification (ICD-CM) fracture codes (S72.0–S72.9) [31]
and a review of their Electronic Health Record (EHR). Inclusion criteria were severely frail
geriatric patients (as determined by having a FI-CGA ≥ 0.4 and an age of 70 years or older)
with a surgically managed femur fracture, at least 1-year of follow-up, and a completed
CGA by a geriatrician prior to their surgery with a calculated FI-CGA.

Eligible patients or proxies of patients were called and surveyed about patient-reported
outcomes at what they considered the best point in the patient’s recovery after surgery, in
terms of functional ability. This patient-specific “best point in their recovery” was utilized
as the time-point for measuring peak functional outcomes because the goal was to capture
the maximal functional benefit gained from surgery in a population of patients who are in
a constant physiological decline. As the rate of decline may vary from patient-to-patient,
a patient-specific time-point for the “best point in their recovery” was selected as more
appropriate for the outcomes of interest than an arbitrary single time-point in the recovery
period. If patients were discharged to an institution and the patient or proxy could not be
reached directly, the institution was called to make an attempt of contact with the patient or
proxy. Patients were excluded if there was no response from the patient and/or proxy after
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a maximum of 3 attempts of contact, or if follow-up data (i.e., deceased and/or no available
proxy, or no available information from the discharge institution) were not available.

In the study institution, a CGA is performed by geriatricians as part of the standard of
care for all femur fracture patients aged 70 and above. The CGA is a multi-domain assess-
ment of aging which includes cognitive, functional, and social assessments, in addition to a
medication review and physical examination [19]. Information on all healthcare domains
included in the calculation of the frailty index are collected within the CGA, which is then
used to calculate an index score (FI-CGA) based on a deficit accumulation model of frailty,
by using an integrated algorithm within the EHR as described elsewhere [17,18]. Frailty
is defined as having a FI-CGA of 0.2 or higher. It has been shown that a FI-CGA ≥ 0.41 is
associated with more cognitive and functional impairment. Greater frailty also showed
a clear dose-dependent relationship (more = worse) with respect to community and am-
bulatory service use [18]. Moreover, a FI-CGA > 0.45 is related to higher mortality in
community-dwelling adults [24].

In this study, a FI-CGA ≥ 0.4 was used to define severe frailty. A typical patient with
an FI of 0.4 would be cognitively impaired, dependent on aids and/or others in terms of
mobility and ADLs, and have a limited life expectancy. Most patients either live in an
assisted living environment, or are close to needing that level of care. That being said, the
severely frail patient population is very heterogenous in characteristics and outcomes, as
dependency can manifest in all different domains of life.

Patient- or proxy-reported outcomes were chosen to reflect the absolute minimum
requirements for a life with acceptable quality. Subjects were asked to recall the best point
of the patients’ recovery in terms of mobility, psychosocial, and functional outcomes. Mo-
bility outcomes were assessed by ambulatory status (i.e., independent, with a walking
aid, with assistance from others, not able to walk, or wheelchair-bound at all times), and
whether patients recovered to their pre-fracture ambulation level. Psychosocial outcomes
included post-operative living situation (i.e., living independently at home, living at home
with assistance for activities of daily living, living with family or friends, or living in an
institutional care facility), whether patients were able to have a meaningful conversation
with others, and a 4-point Likert scale for pain experienced at the peak of recovery. Func-
tional outcomes were assessed using the Katz ADL questionnaire for activities of daily
living (ADL) [32,33]. Patients were asked about their level of independence (i.e., fully inde-
pendent, help required from others or completely dependent) in the following categories:
bathing, dressing, toileting, transferring in and out of a chair or wheelchair. Additionally,
patients were asked if they were able to control their bladder and/or bowel movements,
and if they were able to feed themselves (i.e., without assistance, help required from others,
unable to feed themselves, or required tube feeding or parental nutrition). Missing values
were excluded from analyses.

Descriptive statistics were used to report quantitative variables. Continuous variables were
reported with median and interquartile ranges, and categorical variables with numbers and
percentages. This was a purely descriptive study, and no comparison was made between groups.
All statistical analyses were conducted using IBM SPSS Statistics™ for Windows, Version
28.0 (IBM Corp., 2021, Armonk, NY, USA). Data collection was carried out using Research
Electronic Data Capture (REDCAP) version 14.0.27, an online Health Insurance Portability and
Accountability Act (HIPAA)-compliant data management tool [34].

This study was registered with the Institutional Review Board (2019P003694), and was
performed in accordance with the ethical standards laid down in the 1964 Declaration of
Helsinki and its later amendments. This article was written in accordance with the Strength-
ening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines for
cross-sectional studies of the EQUATOR™ network [35].

3. Results

From a total of 426 patients treated for femur fractures, 87 were eligible for this study
(Figure 1). After contacting eligible patients and/or their proxies to complete the survey, 37
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patients participated and were included for analysis (42% response rate). Nine patients
(24%) had died at the time of contact, so their proxies were asked to complete the survey in
their stead. Reasons for eligible patients not participating in the study included not being
willing to participate in the study or neither the patient nor proxy being able to be reached
to complete the survey. Of all eligible patients, at least 25 patients had died at the start of
the study, resulting in an overall mortality rate of 29%. The final cohort consisted of the 37
patients with outcomes collected either directly from the patient or their proxy.

Figure 1. CONSORT Flow diagram of patient screening and inclusion.

Patient Demographics: At the time of injury, the median age was 85 years (IQR 78–92), with
70% of patients aged ≥80 (Table 1). Patients had a median FI-CGA of 0.48 (IQR 0.43–0.54) and
were predominantly female (n = 28, 76%). Thirty-four patients were classified as high risk or very
high risk, based upon the American Society of Anesthesiologists (ASA) score (ASA class ≥ III).
Most patients (n = 29, 78%) presented with a proximal femur fracture, followed by six patients
(16%) with a distal femur fracture, and two patients (5%) with a femoral shaft fracture.

Table 1. Patient characteristics (n = 37).

Patient Characteristics N = 37 *

Age 85 (78–92)
Age ≥ 80 26 (70%)

Female 28 (76%)
ASA status I 0 (0.0%)

II 3 (8%)
III 24 (65%)
IV 10 (27%)

Frailty Index 0.48 (0.43–0.54)
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Table 1. Cont.

Patient Characteristics N = 37 *

Surgical information

Type of fracture
Proximal femur 29 (78%)
- Neck of femur 9
- Intertrochanteric 17
- Periprosthetic total hip 3
Shaft of femur 2 (5%)
Distal femur 6 (16%)
- Distal femur 5
- Periprosthetic total knee 1

Type of surgery
Hip hemiarthroplasty 6 (16%)
Closed reduction and percutaneous pinning 1 (3%)
Intramedullary nail 16 (44%)
Dynamic hip screw 5 (14%)
Femur plating 5 (14%)
Revision total joint arthroplasty and/or femur plating 4 (8%)

Mortality

Deceased at time of contact 9 (24%)
* Values are presented as median (inter quartile range) or number (n (%)).

Physical Function: Prior to injury, five patients (14%) were able to walk independently,
twenty-nine patients (78%) could walk with walking aid(s) or a walker, and three patients (8%)
were wheelchair-bound. At the best point in their recovery, one patient (3%) was able to walk
independently, and twenty-five patients (69%) used walking aid(s) or a walker. Eleven patients
(30%) were not able to walk at all or were wheelchair-bound, of whom five made use of a walker
and three were already wheelchair-bound before injury. A total of eleven patients (30%) had
recovered to the level of ambulation they had prior to their fracture (Figure 2). In terms of pain,
twenty (54%) patients reported no to minimal pain, twelve patients (33%) still experienced mild
to moderate pain, and three (8%) patients still experienced severe pain, although it is unclear if
this pain related to their femur or other medical problems.

Figure 2. Ambulatory status of severely frail patients before and after femur fracture fixation.
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Psychosocial Outcomes: Prior to their femur fracture, seventeen patients (45%) lived at
home, with or without assistance for ADL, seven (19%) patients lived with family or friends,
and thirteen patients (35%) lived in an institutional care facility (Figure 3). At the best point
in their recovery, six patients (16%) lived at home independently or with assistance for
ADL, eleven patients (30%) lived with family or friends, and eighteen patients (49%) lived
in an institutional care facility. Most patients (76%) reported that they were able to have a
meaningful conversation with others.

Figure 3. Living situation of severely frail patients before and after femur fracture fixation.

Activities of Daily Living: At the best point in their recovery, five (14%) patients were
able to bathe themselves completely independent, twenty-five (69%) needed assistance
with bathing, and six (17%) could only be washed in bed (Table 2). A total of thirty-one
(84%) could dress themselves with or without assistance, and five (14%) were unable to
dress themselves. Fourteen (39%) patients required no help from others when toileting,
seventeen (47%) were able to go to the toilet with assistance from others, and five (14%)
were unable to go to the toilet. Seventeen (47%) patients were able to transfer out of a
(wheel)chair without assistance, while thirteen (36%) required help from others, and six
(17%) were unable to transfer. Most patients were able to control their bladder and bowel
movements (60%), and could eat without any assistance (78%), though five (14%) patients
required tube feeding or parenteral nutrition.

Table 2. Activities of Daily Living (ADL) of severely frail patients at the best point in their recovery
following femur fracture fixation.

ADL Domains N = 36 * (%)

Bathing
Without assistance 5 (14)
With assistance from others 25 (69)
Sponge bath required 6 (17)

Dressing
Without assistance 9 (25)
With assistance from others 22 (61)
Completely dependent 5 (14)
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Table 2. Cont.

ADL Domains N = 36 * (%)

Toileting
Without assistance 14 (39)
With assistance from others 17 (47)
Unable to go/use of urine bag 5 (14)

Transferring
Without assistance 17 (47)
With assistance from others 13 (36)
Completely dependent 6 (17)

Bladder and/or bowel control
In control 22 (61)
No control 14 (39)

Feeding
Without assistance 28 (78)
With assistance from others 3 (8)
Completely dependent/tube- or parental nutrition 5 (14)

* Values are presented as number (n (%)); outcomes of ADL domains were missing for one patient.

4. Discussion

Femur fractures, particularly in the severely frail older adult population, represent
a sentinel event in the decline towards the end of life, associated with a high degree of
morbidity and mortality [3–5,9–11]. The prior literature has focused on post-operative
complications and mortality, neglecting the long-term functional outcomes of these pa-
tients [25–27]. This cohort of 37 femoral fracture patients living with severe frailty, which
mirrors Jones et al.’s distribution of frailty [18] and prior reported OGC care teams’ target
populations, demonstrates that while there is a high rate of 1-year mortality following surgi-
cal treatment of femur fractures, at the best point of recovery patients report overall positive
outcomes in terms of freedom from pain, ambulatory ability, functional independence, and
social interaction [5,11,27,36,37].

In terms of mobility, 30% of patients recovered to their previous ambulatory level,
and 69% of patients were able to mobilize using a walking aid or walker in the 1-year
following their injury. Functional independence varied per task and level of difficulty, with
only 13% of patients able to bathe themselves independently, while almost 50% of patients
were able to transfer from a chair. Various studies have reported on the loss of function
and mobility in geriatric trauma patients [10,38–40], but none specifically captured the
severely frail femur fracture population. For example, Magaziner et al. [38] reported that,
among 536 hip fracture patients over 65 years older, nearly two-thirds of patients regained
their pre-fracture walking ability, a little less than half of them had recovered physical
activities of daily living, and just under one-third had a recovered IADL performance
level. A Dutch prospective cohort study investigating the long-term ambulatory ability
of previously ambulatory hip fracture patients aged above 65 years reported that 40% of
patients remained ambulatory, but increasingly relied on assistive devices. Additionally,
12% of previous community ambulators transitioned to household ambulators, and 8%
became non-functional ambulators [39]. Cooper et al. reported that, after 1-year, 60% of
hip fracture patients lost independence in at least one essential activity of daily living
(e.g., bathing or dressing themselves) [40]. These studies found significant loss of function
and independence among older adults with femur fractures; however, they did not consider
the impact of frailty on these outcomes, thus limiting the ability of clinicians to accurately
predict severely frail patients’ return to ambulation. The current study demonstrates that,
even in the setting of severe frailty, the vast majority of patients report good freedom from
pain and regain some ambulatory ability, even though for most there was a decline from
their pre-injury level.

Psychosocially, over three-quarters of the studied patients were able to have a mean-
ingful conversation, and the majority had minimal pain at the best point of their recovery.
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Before their femur fracture, seventeen patients lived at home compared to six patients
1-year post-injury, indicating that eleven patients (30%) were institutionalized or needed to
move in with family or friends after their injury. This finding is higher than the proportion
of 10–20% reported in the general hip fracture population within Western industrialized
countries [9], but in line with a smaller Dutch study showing that just over half of surviving
patients returned to their original living circumstances 4-months following admission for
a hip fracture [10]. In the severely frail patient population, sustaining a femur fracture is
a life changing event, often leading to institutionalization and loss of independence, to
some extent.

This study has several limitations. Given the target population, there was an ex-
pectedly low response rate of 42%, introducing a risk for non-response bias; however,
the low response rate seen mirrors previously conducted patient- and/or proxy-reported
survey studies among fracture patients, with response rates ranging between 38 and
66% [38,39,41–44]. Moreover, the response rate was impacted by the number of patients
who had already died by the time of survey administration. We attempted to mitigate
this limitation by including proxy-reported outcomes for patients who had died if proxies
were reachable. The overall mortality rate of 29% among eligible patients highlights the
substantial impact of femur fractures on the older frail trauma patient, and the challenges
of studying long-term outcomes in this specific population. The presents study’s subjective
character and the reliance on retrospective observations of patients and proxies introduces
the potential for recall bias. However, considering the current pitfalls in the field of geri-
atric trauma, where older frail patients are prone to selective loss to follow-up, selection
bias, and survival bias [45], effort should be made to include these patients in clinical
studies, including by proxy representation, as these patients might benefit most from the
study’s findings. Further, these patients are often on a declining medical trajectory, and
it is difficult to ascribe their mortality and functional problems to their injury or surgery.
Despite these limitations, this study is an important addition to the literature, and thus
useful for clinicians with respect to shared decision-making, as it is the first and only study
to examine and report on long-term patient-centered outcomes in severely frail femur
fracture patients. To further validate current findings, future research should focus on
extending follow-up to at least 2-years to better understand the long-term functional out-
comes in this population. Moreover, this study made it evident that severely frail patients
do achieve favorable functional outcomes after surgery, even with high mortality rates;
this is, in a way, “hypothesis-forming”. Future research studies are needed to explore the
factors that contribute to poor and good recovery following femur fracture surgery, as
well as appropriate treatment and intervention algorithms approaching these injuries in
the frail population. Additionally, a previous investigation by our research team found
a good correlation between patient- and proxy-reported pain interference and physical
function in ambulatory, cognitively intact older patients [43], but it remains unknown how
proxies’ answers correlate with patients’ psychosocial and functional outcomes. To better
understand the use and value of proxy-reported measures, future research should investi-
gate this relationship across other domains that apply to older adult and frail orthopedic
trauma patients.

The primary focus of this study was to go ‘beyond mortality’, and it is the first study
to gain insight in long-term functional and psychosocial outcomes of severely frail femur
fracture patients. While femur fractures clearly represent a sentinel event for older adults,
as both injury and its treatment are associated with a high risk of mortality, it is evident that
a considerable share of patients regain the ability to ambulate with assistance, and report
good pain relief. Despite some decline in their ability to live fully independently, many
severely frail femur fracture patients continue to live with a certain degree of independence.
This information can help treating physicians and surgeons to better counsel patients and
their loved ones during shared decision-making conversations by informing them of what
to expect functionally following surgery for femur fractures in the severely frail population.
In this patient-centered approach, alignment of treatment and goals of care may improve
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quality of life and patient/proxy satisfaction with care. Further research is needed to
investigate the factors that impact patient- and proxy-reported outcomes in this patient
population, as well as the additional recourses needed to care for this patient population,
to facilitate better alignment of treatment decisions and patient goals of care.
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Abstract: Background: Approximately 50% of older patients hospitalized for hip fractures are ad-
mitted to a geriatric rehabilitation department at a skilled nursing home. Given the wide variation
in rehabilitation stay lengths, predicting the length of stay upon hospital discharge would help
manage patients’ recovery expectations and create appropriate therapy schedules. Existing literature
on length of stay predictors included both acute hospital and in-hospital rehabilitation phases or
involved small sample sizes. The present study aims to identify predictors for the length of geriatric
rehabilitation stay in skilled nursing homes for older patients after hip fracture surgery upon hos-
pital discharge. Methods: This retrospective cohort study was conducted from 1 October 2017 to 1
July 2023, including 561 patients. Potential predictors of the length of geriatric rehabilitation stay
were first tested univariately, with variables showing p < 0.15 entered into a multivariate forward
linear regression model. Results: This model identified the following independent predictors of a
longer length of geriatric rehabilitation stay: Functional Ambulation Categories (FACs) 0 (B = 29.9,
95% CI 24.1–35.7), 1 (B = 18.0, 95% CI 11.8–24.2), 2 (B = 12.0, 95% CI 7.1–17.0), or 3 (B = 3.6,
95% CI −1.2–9.4) at hospital discharge vs. FAC 4, living independently with home care services
(B = 5.9, 95% CI 2.5–9.3) or in a residential home prior to the hip fracture (B = 0.2, 95% CI −7.4–7.8)
vs. living independently without home care services, non- or partial weight-bearing mobilization
vs. full weight-bearing mobilization (B = 15.4, 95% CI 8.5–22.2), internal fixation vs. hemiarthro-
plasty (B = 4.7, 95% CI 1.4–7.9), in-hospital delirium (B = 7.0, 95% CI 2.2–11.7), and in-hospital heart
failure (B = 7.9, 95% CI 0.5–15.3). The explained variance was 32.0%. Conclusions: This study
identified FAC at hospital discharge, premorbid living situation, postoperative weight-bearing pro-
tocol, surgery type, in-hospital delirium, and in-hospital heart failure as independent predictors of
the length of geriatric rehabilitation stay. Future investigations are needed to identify additional
predictors, such as cognitive functioning, to better predict the length of geriatric rehabilitation stay
upon hospital discharge.

Keywords: geriatric rehabilitation; hip fracture; length of stay; surgery; older patients; predictors

1. Introduction

After hip fracture surgery, approximately 50% of patients aged ≥70 years are admitted
to a geriatric rehabilitation department at a skilled nursing home [1]. In 2017, the De-
partment of Trauma Surgery at Ziekenhuisgroep Twente (ZGT), Almelo, the Netherlands,
developed and implemented a multidisciplinary transmural care pathway in collaboration

J. Clin. Med. 2024, 13, 4547. https://doi.org/10.3390/jcm13154547 https://www.mdpi.com/journal/jcm58



J. Clin. Med. 2024, 13, 4547

with three skilled nursing homes (TriviumMeulenbeltZorg, ZorgAccent, and Carintregge-
land) in the vicinity of ZGT to synchronize the care processes and to gain more insights
into the rehabilitation process of older patients after hip fracture surgery. In all skilled
nursing homes, there was a “rehabilitation climate”, meaning that every daily activity was
used as a therapeutic moment. Both caregivers and family members actively participated
in the rehabilitation process. Multidisciplinary treatment was focused on the patient’s
rehabilitation goals. The multidisciplinary team consisted of a nursing home physician,
physiotherapist, occupational therapist, dietician, psychologist, and the nursing staff. For
all geriatric rehabilitation departments, the received therapy by the physiotherapist was the
same. However, the first results of the multidisciplinary transmural care pathway showed
an interquartile range (IQR) of 25–50 days for the length of geriatric rehabilitation stay
among patients [2].

Due to the wide variation in the length of stay in the geriatric rehabilitation facility,
it is difficult for hospital healthcare professionals to prepare patients for what to expect
during the rehabilitation period and for geriatric rehabilitation healthcare professionals
to create appropriate therapy schedules. It is desirable to be able to predict the length of
geriatric rehabilitation stay upon hospital discharge. This enables patients to manage their
recovery expectations at the rehabilitation department of a skilled nursing home. Being
aware of what to expect helps patients prepare for what is coming and set realistic goals.
Furthermore, predicting the length of geriatric rehabilitation stay upon hospital discharge
may help healthcare professionals identify the rehabilitation needs of each patient. For
example, patients who are expected to recover rapidly may benefit from a more intensive
therapy schedule, allowing for the most efficient organization of rehabilitation therapy.

There is a great diversity in the literature concerning factors influencing the length
of geriatric rehabilitation stay in older patients after hip fracture surgery [3–5]. Higher
age, trochanteric and subtrochanteric fractures compared to intracapsular fractures, comor-
bidities (Parkinson’s disease, diabetes, and dementia), complications (wound infection,
delirium, urinary tract infection, and pneumonia), independent gait at hospital discharge
compared to dependent gait, living alone prior to the hip fracture compared to living to-
gether, using mobility aids prior to the hip fracture compared to being mobile without aids,
and a lower Barthel score at geriatric rehabilitation admission were found as predictors
for a longer length of geriatric rehabilitation stay [3–5]. However, these variables were
found in studies with small sample sizes, were collected during both the hospital and
rehabilitation phases, or were associated with the total length of hospital stay, including
the acute hospital and in-hospital rehabilitation phases. It therefore remains unclear which
factors influence the actual length of geriatric rehabilitation stay at a skilled nursing home
upon discharge from the hospital. This lack of clarity currently renders predictions of the
length of geriatric rehabilitation stay upon hospital discharge impossible.

The aim of this study is to identify predictors for the length of geriatric rehabilitation
stay at a skilled nursing home for older patients after hip fracture surgery upon hospital
discharge, using data collected from the transmural care pathway.

2. Materials and Methods

2.1. Study Design

A retrospective cohort study was conducted from the first of October 2017 until the first
of July 2023. Inclusion criteria for the study were patients aged ≥70 years who underwent
hip fracture surgery (hemiarthroplasty or internal fixation) at the Department of Trauma
Surgery at ZGT and rehabilitated at one of the three participating skilled nursing homes
(TriviumMeulenbeltZorg, ZorgAccent, and Carintreggeland) (Figure 1). Exclusion criteria
for this study were pathological or periprosthetic fractures or incomplete data collection of
the rehabilitation process.
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Figure 1. Flowchart of study design.

The Medical Ethical Committee of Twente stated that this study did not require an
assessment by the Medical Ethical Committee according to Dutch law. The study was
approved by the Institutional Review Board of ZGT. All patients gave written informed
consent to participate.

The primary outcome was the length of geriatric rehabilitation stay at the skilled
nursing homes in days. For this study, baseline, in-hospital, hospital discharge, and
geriatric rehabilitation variables were collected from the transmural care pathway database.
Data were entered into Castor EDC, a cloud-based Electronic Data Capture platform (ISO
27001 certified) [6].

2.2. Baseline Variables

Age, gender, premorbid living situation, living alone versus together, availability
of non-professional help, need for climbing stairs, Pre-Fracture Mobility Score (PFMS),
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premorbid Katz Index of Independence in Activities of Daily Living (Katz-ADL6), Charlson
Comorbidity Index (CCI), American Society of Anesthesiologists physical status classifica-
tion (ASA score), and Short Nutritional Assessment Questionnaire (SNAQ) were collected
as baseline variables.

The (P)FMS assesses the patients’ independence in walking and ranges from 1 (freely
mobile without aids) to 5 (no functional mobility) [7]. The Katz-ADL6 assesses patients’
independence in ADL, where a score of 0 means fully independent in ADL and a score
of 6 means fully dependent in ADL [8]. The CCI measures comorbidity, where a higher
score means a higher comorbidity burden [9]. The ASA score measures the condition of a
patient prior to surgery, with ASA 1–2 for a patient who has no or mild systematic diseases,
ASA 3–4 for a patient who has severe systematic diseases, and ASA 5 for a moribund
patient [10]. The SNAQ is a malnutrition screening tool, with SNAQ ≥ 2 indicating
moderately malnourished patients and SNAQ ≥ 3 severely malnourished patients [11].

2.3. In-Hospital Variables

Hemoglobin (Hb) at hospital admission, hip fracture type, time until surgery, surgical
treatment, postoperative weight-bearing protocol, and in-hospital complications were
collected as in-hospital variables.

2.4. Hospital Discharge Variables

Functional Ambulation Categories (FACs) at hospital discharge, Fracture Mobility
Score (FMS) at hospital discharge, Katz-ADL6 at hospital discharge, admission to which
skilled nursing home (TriviumMeulenbeltZorg, Carintreggeland, or ZorgAccent), and the
length of hospital stay were collected as hospital discharge variables.

The FAC assesses the patients’ independence in walking and ranges from 0 (no
functional mobility) to 5 (fully independent mobility) [7].

2.5. Geriatric Rehabilitation Variables

The hospital readmission rate and mortality rate were recorded as geriatric rehabilita-
tion variables. The length of hospital might be influenced by logistical factors that cannot
be predicted or influenced and, therefore, was excluded as a potential predictor of the
primary outcome measure.

2.6. Statistical Analysis

Continuous data were described as mean with standard deviation (SD) or as median
with interquartile range (IQR) in case of a skewed distribution. Categorical data were
presented as numbers with the corresponding percentage. Relationships between baseline,
in-hospital, and hospital discharge variables and length of geriatric rehabilitation stay were
first tested univariately using a Pearson or Spearman correlation analysis for continuous
variables and an independent t-test, Mann–Whitney U test, ANOVA, or Kruskal–Wallis test
for categorical variables. Variables with a p-value < 0.15 were entered into a multivariate
forward linear regression model to ensure that no potential variables would be missed.
Subsequently, variables that were not statistically significant were eliminated step by
step, starting with the highest p-value, until all variables in the model were statistically
significant. A p-value < 0.05 was regarded as statistically significant. All analyses were
performed using SPSS version 22.0 (IBM Corp., Armonk, NY, USA).

3. Results

In the study period from the first of October 2017 until the first of July 2023, a total of
604 older patients were included. Of those patients, 9 had incomplete data (no geriatric
rehabilitation data available) and were excluded, leaving 595 older patients in this study
(Table 1).
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Table 1. Patient characteristics.

Total (n = 595)
Baseline variables

Age in years; mean (SD) 82.5 (7.8)

Female gender; n (%) 422 (70.9)

Premorbid living situation; n (%)
Independent without home care services 365 (59.8)
Independent with home care services 207 (34.8)
Residential home 29 (4.9)

Living together; n (%) 198 (38.3)

Availability non-professional help; n (%) 509 (85.5)

Need for climbing stairs; n (%) 155 (26.1)

PFMS; n (%)

1—Freely mobile without aids 228 (38.3)
2—Mobile outdoors with one aid 60 (10.1)
3—Mobile outdoors with two aids or frame 264 (44.4)
4—Some indoor mobility but never goes outside
without help 37 (6.2)

5—No functional mobility 0 (0)

Premorbid Katz-ADL6; median (IQR) 0 (0–2)

CCI; median (IQR) 1 (0–2)

ASA score; n (%)
ASA 1–2 184 (30.9)
ASA 3–4 406 (68.2)
ASA 5 0 (0.0)

SNAQ; median (IQR) 0 (0–0)
In-hospital variables

Hb at hospital admission; median (IQR) 8.5 (7.0–9.0)

Hip fracture type; n (%) Femoral neck 299 (50.3)
Trochanteric/subtrochanteric femur 296 (49.7)

Time until surgery; n (%)

0–24 h 358 (60.2)
24–36 h 139 (23.4)
36–48 h 58 (9.7)
> 48 h 40 (6.7)

Surgical treatment; n (%) Internal fixation: PFNA, DHS, cannulated screws 356 (59.8)
Hemiarthroplasty 239 (40.2)

Postoperative weight-bearing protocol; n (%) Full weight-bearing 558 (93.8)
Partial/non-weight-bearing 37 (6.2)

In-hospital complications; n (%)

Anemia 120 (20.2)
Heart failure 28 (4.6)
Delirium 74 (12.4)
Pneumonia 57 (9.6)
Pressure ulcers 29 (4.9)
Urinary tract infection 36 (6.1)
Wound infection 3 (0.5)
Uncomplicated 282 (47.4)

Hospital discharge variables

FACs at hospital discharge; n (%)

0—No functional mobility 93 (15.6)
1—Dependent in mobility level 2 67 (11.3)
2—Dependent in mobility level 1 167 (28.1)
3—Independent mobility under supervision 176 (29.6)
4—Independent mobility on a flat surface 90 (15.1)
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Table 1. Cont.

FMS at hospital discharge; n (%)

1—Freely mobile without aids 0 (0)
2—Mobile outdoors with one aid 0 (0)
3—Mobile outdoors with two aids or frame 28 (4.7)
4—Some indoor mobility but never goes outside
without help 462 (77.6)

5—No functional mobility 105 (17.6)

Katz-ADL6 at hospital discharge; median (IQR) 4 (4–5)

Rehabilitation department skilled nursing home; n (%)
Skilled nursing home A 304 (51.1)
Skilled nursing home B 215 (36.1)
Skilled nursing home C 76 (12.8)

Length of hospital stay in days; median (IQR) 8 (6–10)
Geriatric rehabilitation variables

Hospital-readmission during rehabilitation; n (%) 17 (2.9)

Mortality during rehabilitation; n (%) 17 (2.9)

Length of geriatric rehabilitation stay in days;
median (IQR) 35 (24–47)

SD, standard deviation; n, number; (P)FMS, (Pre-)Fracture Mobility Score; Katz-ADL, Katz Index of Independence
in Activities of Daily Living; IQR, interquartile range; CCI, Charlson Comorbidity Index; ASA, American
Society of Anesthesiologists physical status classification; SNAQ, Short Nutritional Assessment Questionnaire;
Hb, hemoglobin; PFNA, Proximal Femoral Nail Antirotation; DHS, Dynamic Hip Screw; FACs, Functional
Ambulation Categories.

3.1. Patient Characteristics

The mean (SD) age was 82.5 (7.8) years and 70.9% (n = 422) of the patients were
female. Severe comorbidities (ASA ≥ 3) were observed in 68.2% (n = 406) of the patients.
In 50.3% (n = 299), the hip fracture type was a femoral neck fracture and in 49.7% (n = 296),
a trochanteric or subtrochanteric femur fracture. In 60.2% (n = 358) of the patients, the time
until surgery was within 24 h and in 6.7% (n = 40) after 48 h. In 59.8% (n = 356), the surgical
treatment was internal fixation (Proximal Femur Nail Antirotation (PFNA), Dynamic Hip
Screw (DHS), or cannulated screws) and in 40.2% (n = 239), a hemiarthroplasty. After
surgical treatment, 93.8% (n = 558) of the patients were allowed to put full weight on the
operated leg. During the hospital stay, 47.4% (n = 282) of the patients had no complications,
20.2% (n = 120) were anemic and needed a blood transfusion, 12.4% (n = 74) had delirium,
and 4.6% (n = 28) heart failure.

3.2. Living Situation and Functional Status

Prior to the hip fracture, 59.8% (n = 356) of the patients were living independently
without home care services, 34.8% (n = 207) independently with home care services, and
4.9% (n = 29) were living in a residential home. Furthermore, 33.3% (n = 198) of the patients
were living together with a relative and 85.5% (n = 509) could invoke non-professional help.
Before the fracture, 38.3% (n = 228) of the patients were able to walk fully independently
without aids (PFMS 1), 54.5% (n = 324) used a walking aid (PFMS 2) or aids (PFMS 3), and
6.2% (n = 37) were only able to walk independently indoors (PFMS 4). Most patients were
independent in ADL before the fracture (median (IQR) premorbid Katz-ADL6 was 0 (0–2)).
At hospital discharge, 15.6% (n = 93) of the older patients had no functional mobility (FAC
0), 69.0% (n = 410) needed assistance during walking (FAC 1–3), and 15.1% (n = 90) were
independent in mobility (FAC 4–5). In addition, most patients were dependent in ADL at
hospital discharge (median (IQR) Katz-ADL6 was 4 (4–5)).

3.3. Length of Hospital and Geriatric Rehabilitation Stay

The median (IQR) length of hospital stay was 8 (6–10) days. The median (IQR)
length of geriatric rehabilitation stay at the skilled nursing home was 35 (24–47) days.
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Furthermore, 17 (2.9%) patients died during the rehabilitation phase and 17 (2.9%) patients
were readmitted to the hospital during geriatric rehabilitation stay.

3.4. Predictors for Length of Geriatric Rehabilitation Stay

For the univariate analysis, 34 (5.7%) patients were excluded, because of readmission
to the hospital or death during a geriatric rehabilitation stay. Results from the univariate
analysis are presented in Table 2.

Table 2. Univariate analysis and multivariate linear regression analysis factors length of geriatric
rehabilitation stay.

Univariate
Analysis *
(n = 561)

Multivariate Linear
Regression Analysis

(n = 561)
p B (95% CI) p

Baseline variables
Age 0.020

Female gender 0.713

Premorbid living situation
Independent without home care services

<0.001
ref.

Independent with home care services 5.9 (2.5–9.3) <0.001
Residential home 0.2 (−7.4–7.8) 0.952

Living together 0.267

Availability non-professional help 0.501

Need for climbing stairs 0.127

PFMS

1—Freely mobile without aids

<0.001

2—Mobile outdoors with one aid
3—Mobile outdoors with two aids or frame
4—Some indoor mobility but never goes
outside without help
5—No functional mobility

Premorbid Katz-ADL6 <0.001

CCI 0.871

ASA score
ASA 1–2

0.003ASA 3–4

SNAQ 0.983
In-hospital variables

Hb hospital admission 0.667

Hip fracture type Femoral neck
0.025Trochanteric/subtrochanteric femur

Time until surgery

0–24 h

0.405
24–36 h
36–48 h
>48 h

Surgical treatment
Internal fixation: PFNA, DHS, cannulated
screws <0.001 4.7 (1.4–7.9) 0.005

Hemiarthroplasty ref.

Postoperative
weight-bearing protocol

Full weight-bearing ref.
Partial/non-weight-bearing <0.001 15.4 (8.5–22.2) <0.001
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Table 2. Cont.

In-hospital complications

Anemia 0.008
Heart failure 0.020 7.9 (0.5–15.3) 0.037
Delirium <0.001 7.0 (2.2–11.7) 0.004
Pneumonia 0.871
Pressure ulcers 0.268
Urinary tract infection 0.348
Wound infection 0.260
Uncomplicated <0.001

Hospital discharge variables

FAC at hospital discharge

0—No functional mobility

<0.001

29.9
(24.1–35.7) <0.001

1—Dependent in mobility level 2 18.0
(11.8–24.2) <0.001

2—Dependent in mobility level 1 12.0 (7.1–17.0) <0.001
3—Independent mobility under supervision 3.6 (−1.2–8.5) 0.141
4—Independent mobility on a flat surface ref.

FMS at hospital discharge

1—Freely mobile without aids

0.014

2—Mobile outdoors with one aid
3—Mobile outdoors with two aids or frame
4—Some indoor mobility but never goes
outside without help
5—No functional mobility

Katz-ADL6 at hospital discharge <0.001

Rehabilitation department
skilled nursing home

Skilled nursing home A
Skilled nursing home B <0.001
Skilled nursing home C

* Univariate analysis was performed using a Spearman correlation analysis for continuous variables and a Mann–
Whitney U or Kruskal–Wallis test for categorical variables. p, p-value; ref., reference; (P)FMS, (Pre-)Fracture
Mobility Score; Katz-ADL, Katz Index of Independence in Activities of Daily Living; CCI, Charlson Comorbidity
Index; ASA, American Society of Anesthesiologists physical status classification; SNAQ, Short Nutritional
Assessment Questionnaire; Hb, hemoglobin; PFNA, Proximal Femoral Nail Antirotation; DHS, Dynamic Hip
Screw; FAC, Functional Ambulation Categories.

Although the length of geriatric rehabilitation stay was not normally distributed, the
residual plot of the multivariate linear regression model did show a normal distribution.
Therefore, the multivariate linear regression analysis was still the appropriate analysis
to use. Age, premorbid living situation, the need for climbing stairs, PFMS, premorbid
Katz-ADL6, ASA score, surgical treatment, postoperative weight-bearing protocol, in-
hospital anemia, in-hospital heart failure, in-hospital delirium, uncomplicated hospital
course, FAC at hospital discharge, and Katz-ADL6 at hospital discharge were included in
the multivariate linear regression model. Because hip fracture type was strongly associated
with surgical treatment, it was not included in the model. Surgical treatment was regarded
to be more patient-specific, as it depends on both the type of fracture and the condition
of the patient. FMS at hospital discharge was also not included in the model as it was
strongly associated with FACs at hospital discharge. The FAC was considered more
relevant in the transmural care pathway compared to the FMS because it is more widely
used in geriatric rehabilitation departments to assess patient progress. Furthermore, the
rehabilitation department of the skilled nursing homes was not included in the model
due to its association with the FAC at hospital discharge. Skilled nursing home A had the
highest percentage of patients with a lower FAC at hospital discharge compared to skilled
nursing homes B and C within their respective populations. This was a coincidence, as the
skilled nursing home placement procedure does not depend on the FAC. The FAC was
considered more relevant compared to the rehabilitation department of skilled nursing
homes because the FAC is clinically more relevant.

The final multivariate model included the following variables: FAC at hospital dis-
charge, premorbid living situation, postoperative weight-bearing protocol, surgical treat-
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ment, in-hospital delirium, and in-hospital heart failure (Table 2). FAC 0 (B = 29.9, 95% CI
24.1–35.7), FAC 1 (B = 18.0, 95% CI 11.8–24.2), FAC 2 (B = 12.0, 95% CI 7.1–17.0), or FAC 3
(B = 3.6, 95% CI −1.2–9.4) at hospital discharge versus (vs.) FAC 4, living independently
with home care services (B = 5.9, 95% CI 2.5–9.3) or in a residential home prior to the hip
fracture (B = 0.2, 95% CI −7.4–7.8) vs. living independently without home care services,
non- or partial weight-bearing mobilization vs. full weight-bearing mobilization (B = 15.4,
95% CI 8.5–22.2), internal fixation vs. hemiarthroplasty (B = 4.7, 95% CI 1.4–7.9), in-hospital
delirium (B = 7.0, 95% CI 2.2–11.7), and in-hospital heart failure (B = 7.9, 95% CI 0.5–15.3)
were independent predictors of a longer geriatric rehabilitation stay. The explained variance
of this model was 32.0%.

4. Discussion

Independent predictors for a longer length of geriatric rehabilitation stay were a
lower FAC at hospital discharge compared to FAC 4; living independently with home
care services prior to the hip fracture compared to living independently without home
care services; non- or partial weight-bearing mobilization compared to full weight-bearing
mobilization; internal fixation compared to hemiarthroplasty; in-hospital delirium; and
in-hospital heart failure.

A substantial amount of research exists on the factors influencing the length of stay
after hip fracture surgery. However, many studies focus on factors influencing the length
of hospital stay [12–15] or the length of stay in other rehabilitation settings (e.g., private
care rehabilitation, in-hospital rehabilitation, or both the acute hospital and rehabilitation
phases) [3,12–18], making them difficult to compare with this study. Previously identified
predictors for a longer length of geriatric rehabilitation stay include higher age [3,16,18];
trochanteric and subtrochanteric fractures versus intracapsular fractures [3]; complications
(wound infection, delirium, urinary tract infection, and pneumonia) [3,16]; comorbidi-
ties (Parkinson’s disease, diabetes, and dementia) [3,16,18]; independent gait at hospital
discharge versus dependent gait [4]; living alone prior to the hip fracture versus living
together [5,18]; using mobility aids prior to the hip fracture versus being mobile without
aids [5,17]; a lower Barthel score at geriatric rehabilitation admission [5]; a lower Functional
Independence Measure score at rehabilitation admission [16]; a lower Abbreviated Mental
Test Score [17]; and a higher pain score at rehabilitation admission [18]. Among all these
previously identified predictors, this study confirmed that in-hospital delirium is a predic-
tor for a longer length of geriatric rehabilitation stay. Additionally, the previously identified
predictor of trochanteric and subtrochanteric fractures versus intracapsular fractures can
be compared to the predictor found in this study: internal fixation versus hemiarthroplasty.
This is because the type of hip fracture is strongly associated with the choice of surgical
treatment. However, this study did not include hip fracture type in the multivariate model,
as surgical treatment was considered to be more patient-specific. Furthermore, the pre-
viously identified predictor of independent gait at hospital discharge versus dependent
gait can be compared to a predictor found in this study: lower FAC at hospital discharge
compared to FAC 4. This is because the FAC score also assesses the degree of walking
independence of the patient. The remaining previously identified predictors for a longer
length of geriatric rehabilitation stay do not align with the predictors found in this study. A
possible explanation for this difference is that other studies used small study populations
or different rehabilitation settings. The present study utilized a study population of 561 pa-
tients, specifically focusing on the length of stay in geriatric rehabilitation departments
at skilled nursing homes. Consequently, this study solely examined in-hospital variables
and did not include variables from the rehabilitation phase. This decision was made to
prioritize the identification of predictors for the length of geriatric rehabilitation stay upon
hospital discharge. Using variables from the rehabilitation phase does not allow for the
early prediction of the length of geriatric rehabilitation stay. This hinders healthcare pro-
fessionals from creating appropriate therapy schedules and preparing patients for what
to expect during the rehabilitation period. Another explanation may be that this study
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assessed the comorbidity burden using the CCI, rather than assessing the specific types
of comorbidities as possible predictors. This means that from this study, it is not clear
if specific comorbidities may be predictors for the length of geriatric rehabilitation stay.
However, this study chose to use the CCI because it captures not only the presence of
comorbidities but also their severity, which may be more comprehensive than considering
individual comorbidities alone [9].

Each identified independent predictor contributes to a longer length of geriatric
rehabilitation stay in specific ways. For patients with a lower FAC at hospital discharge,
functional self-reliance may be achieved more slowly, resulting in a longer length of
geriatric rehabilitation stay. This highlights the importance of early mobilization during
the hospital phase, as it enhances the functional recovery of patients [19–21]. Patients
who lived independently with home care services prior to the hip fracture may require
more complex care due to their decreased resilience. Although home care services offer
some level of support, they may not fully address their rehabilitation needs following
hip fracture surgery. As a result, these patients may require a longer length of geriatric
rehabilitation stay. Receiving home care services following geriatric rehabilitation for
patients who lived independently without home care services prior to the hip fracture may
provide sufficient support and assistance to shorten the length of geriatric rehabilitation
stay. Patients who lived in a residential home prior to the hip fracture may have sufficient
support and assistance available at the residential home to shorten the length of geriatric
rehabilitation stay. Patients with non- or partial weight-bearing mobilization are unable
to mobilize or have a limited ability to do so and because of this situation receive a lower
frequency of therapy during the first six weeks of rehabilitation. This results in a longer
length of geriatric rehabilitation stay because their progress in regaining mobility and
independence is slower. This is consistent with previous studies that have identified a
relationship between a reduced length of hospital stay following hip fracture surgery
and full weight-bearing mobilization [22,23]. Patients who undergo internal fixation may
experience more post-operative pain and may require longer periods of non- or partial
weight-bearing mobilization compared to those who undergo hemiarthroplasty [24,25].
This is due to the nature of the procedures: Hemiarthroplasty involves replacing the
fractured hip with a prosthetic implant, whereas internal fixation involves stabilizing the
fractured hip using intramedullary nails, plates, and/or screws. In-hospital delirium is
characterized by symptoms such as cognitive impairment. Patients who develop an in-
hospital delirium are less likely to mobilize after hip fracture surgery [26], which requires
more time-intensive medical and nursing care. Similarly, patients with in-hospital heart
failure face limitations during rehabilitation due to symptoms such as fatigue, reduced
exercise capacity, dyspnea, and hypotension [14], also necessitating more time-intensive
medical and nursing care. These findings are consistent with previous studies that have
identified relationships between an extended length of hospital stay following hip fractures
and either heart failure or delirium [14,27–29].

The results of this study are the first step towards a more efficient rehabilitation
pathway. The length of geriatric rehabilitation stay can be better predicted upon hospital
discharge, enabling patients to be better prepared for what to expect during the rehabil-
itation period. Furthermore, this information makes it possible to identify patients who
may rehabilitate more quickly. This group may benefit from a more intensive therapy
schedule to facilitate even faster recovery. Since early mobilization during the hospital
phase enhances the functional recovery of patients, increasing the intensity of therapy
early in postoperative rehabilitation may also contribute to faster recovery among other
groups [19–21]. Shorter geriatric rehabilitation stays can address potential future capacity
issues, as a faster patient flow will enable the treatment of an increasing number of patients
with hip fractures.

The limitation of our study is the lack of information on cognitive functioning prior to
admission to the geriatric rehabilitation department. No tests measuring cognitive func-
tioning were conducted during the hospital phase. The presence of an in-hospital delirium
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is the only cognitive functioning status we assessed. However, cognitive functioning may
significantly influence the length of geriatric rehabilitation stay, as patients with cognitive
impairments may have difficulty performing physiotherapy exercises. A strength of our
study lies in the inclusion of a great diversity of possible predictors from both the physical
and social domains in the analyses of predictors for the length of geriatric rehabilitation stay.
Furthermore, our results statistically confirm the independent predictors for a prolonged
length of geriatric rehabilitation stay at skilled nursing homes. These predictors were
previously thought to influence the length of stay based on clinical experience but lacked
statistical proof. In addition, this study distinguishes itself by focusing exclusively on in-
hospital variables, allowing for the early prediction of the length of geriatric rehabilitation
stay. Lastly, this study is also valuable for developing a final prediction model in which
the length of geriatric rehabilitation stay can be predicted at the time of hospital discharge;
something that cannot be achieved with clinical experience alone.

The explained variance of 32.0% in the multivariate model showed that other pre-
dictors for length of rehabilitation stay exist that were not included in the present study.
Therefore, future research is recommended to optimize the multivariate model. Additional
factors that are considered important in predicting the length of geriatric rehabilitation
stay should be incorporated. Since early mobilization and physical activity enhance the
functional recovery of patients [19–21], continuously monitored physical activity using a
sensor during the in-hospital phase is relevant to add to the model. Other relevant factors
to add to the model are cognitive functioning assessed with a cognitive screening test
during the hospital phase and the fear of falling. Fear of falling could influence the length
of geriatric rehabilitation stay, as it may impede rehabilitation by being associated with
anxiety and self-efficacy [30]. The occurrence of complications during the rehabilitation
stay could also influence the length of the rehabilitation stay [3]. However, this factor
cannot be included in the analysis to predict the length of rehabilitation stay upon hospital
discharge.

5. Conclusions

A lower FAC at hospital discharge vs. FAC 4, living independently with home care
services prior to the hip fracture vs. living independently without home care services,
non- or partial weight-bearing mobilization vs. full weight-bearing mobilization, internal
fixation vs. hemiarthroplasty, in-hospital delirium, and in-hospital heart failure were
found as independent predictors of a longer length of geriatric rehabilitation stay. These
results are the first step towards a more efficient rehabilitation pathway. However, with an
explained variance of 32.0% in the multivariate model, there are more predictors of a longer
length of stay that were not included in this study. Future investigations will be needed
to identify additional predictors to better predict the length of geriatric rehabilitation
stay upon hospital discharge. The ability to predict the length of geriatric rehabilitation
stay more precisely will help healthcare professionals prepare patients for what to expect
during the rehabilitation period and create appropriate therapy schedules, aiming for faster
recovery. This may address potential future capacity issues, as a faster patient flow will
enable the treatment of an increasing number of patients with hip fractures.
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Abstract: Background/Objectives: Integrated orthogeriatric care has demonstrated benefits in hip
fracture management for older patients. Comprehensive care pathways are essential for effective
integrated care delivery, yet local variability in care pathways persists. We assessed the current hip
fracture care pathways in the Netherlands, focusing on the variability between these care pathways
and the degree of implementation of orthogeriatric care. Methods: A nationwide inventory study was
conducted. A survey was sent to all hospitals in the Netherlands to collect the care pathways or local
protocols for hip fracture care. All care elements reported in the care pathways and protocols were
systematically analyzed by two independent researchers. Furthermore, an assessment was performed
to determine which model of orthogeriatric care was applied. Results: All 71 Dutch hospitals were
contacted, and 56 hospitals responded (79%), of which 46 (82%) provided a care pathway or protocol.
Forty-one care elements were identified in total. In the care pathways and protocols, the variability in
the description of these individual care elements ranged from 7% to 87%. Twenty-one hospitals had
an integrated care model with shared responsibility, while an equal number followed an orthopedic
trauma surgeon-led care model. Conclusions: These findings provide a detailed description of the
hip fracture care pathways in the Netherlands. Variations were observed concerning the care elements
described in the care pathways, the structure of the care pathway, and the specification of several
elements. The implementation of integrated care with shared responsibilities, as recommended by the
international literature, has not been achieved nationwide. The clinical implications of the variability
between care pathways, such as the influence on the quality of care, need to be further investigated.

Keywords: hip fracture; care pathway; integrated hip fracture care

1. Introduction

Integrated orthogeriatric care has significant benefits for older patients with a hip
fracture, including improved quality of life, reduced morbidity and mortality, increased
activities of daily living at 6 and 12 months, and reduced direct costs in comparison to usual
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care [1,2]. Hip fracture patients are distinct due to the high prevalence of multimorbidity
and increased frailty [3]. These patient characteristics are associated with prolonged
hospital stays, delays in surgery, a functional decline, and increased mortality rates [4].
Given these patient characteristics and risk factors, the treatment of hip fracture patients
is complex and requires the integration of both surgical and geriatric care to adequately
address comorbidities and geriatric syndromes [1].

In the literature, different models of integration in orthogeriatric trauma care are
described: (1) orthopedic trauma surgeon-led care with a geriatrician as a consulting
physician; (2) geriatrician-led care with consultation from an orthopedic trauma surgeon,
and (3) integrated care models with shared responsibilities between a geriatrician and
orthopedic trauma surgeon [5–7]. In the integrated care model, orthogeriatric care can be
implemented as an integral component of the orthogeriatric ward. This has demonstrated
positive effects on both patient outcomes and the quality of care, including reduced lengths
of stay in the hospital and emergency department and shorter times to operation [8–10].

The integration of surgical and geriatric care for hip fracture patients is preferably
coordinated in care pathways that address both clinical and organizational issues. In the
current literature, several synonyms exist for the term ‘care pathway’, such as clinical
pathway, model of care, and integrated care pathway. It is defined as an integrated care
plan that outlines patient goals and provides the sequence and timing of the necessary
actions to achieve these goals [11,12]. Several care pathways are known for a various
number of conditions. The use of care pathways enhances the efficiency and quality of
care for hip fracture patients. It can also be used as a method to implement evidence-based
clinical guidelines in practice [13].

Despite the added value of care integration in orthogeriatric hip fracture care, the
implementation of orthogeriatric care remains inconsistent across hospitals in the Nether-
lands and between countries in Europe [14,15]. Although a certain level of local variability
in care processes across hospitals is inevitable, comprehensive protocols are important
for integrated care delivery [16–18]. Therefore, the aim of this study was to assess the
current hip fracture care pathways and protocols in the Netherlands for variability between
the pathways by evaluating the different elements and the degree of implementation of
orthogeriatric care.

2. Materials and Methods

A cross-sectional national inventory study was conducted from 1 May 2023 until 1
October 2023. All hospitals across the Netherlands were asked to provide their protocols
regarding hip fracture care. If the hospitals did not respond to the initial request sent
through professional organizations, they were contacted directly via telephone and email
for their care pathway protocol or protocols for hip fracture patients. Recognizing the
multidisciplinary care approach, both the geriatric and surgical departments were asked
to provide the documents. All protocols that specifically addressed the treatment of hip
fracture patients were included. Additional information per email and personal experiences
shared by healthcare professionals were excluded from the analysis as the scope of this
study focused on the assessment of local authorized protocols and care pathways.

2.1. Data Analysis
2.1.1. Screening Tool

No validated method was available for the evaluation of local care pathways. Previous
research into systematic reviews assessing the quality of care pathways did not establish a
gold standard for screening [19]. When asked for a recommendation by researchers in the
field, the European Pathway Association (EPA) stated that there are currently no suitable
tools for the comparison of local (hip fracture) protocols or care pathways.

In the absence of a validated method, a manifest content analysis was conducted on all
retrieved protocols [20]. This entailed (1) the identification of the care elements within the
care pathways and (2) examining what was documented about the care elements across the
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care pathways. Within several care elements, variability was observed and further explored,
encompassing the type of diagnostics (emergency care), treatment team, use of thrombosis
prophylaxis, involvement of paramedics (pre- and post-operative), and organization of
outpatient visits.

2.1.2. Content Analysis

The content analysis was conducted using alternate deductive and inductive methods.
Efforts were made to ensure the robustness of the approach. Before the analysis, a content
model of care elements was established based on the national Dutch hip fracture care
guidelines [21]. This content model was modified and approved by an expert panel includ-
ing geriatricians, internists, orthopedic surgeons, trauma surgeons, and physiotherapists.
After the content model was established, two researchers (H.B. and T.K.) independently
screened all protocols and noted the presence of care elements in a deductive manner.
Furthermore, the researchers used this initial screening to reveal the content of the care
elements and identify additional care elements in an inductive manner. After intercoder
agreement was achieved (H.B., T.K., H.W.), several care elements were added to the content
model. A second screening was conducted to note both the inclusion and content of the
newly identified care elements in all protocols (H.B., T.K.). After the second round, the
independent evaluations were assessed for differences, and inter-coder agreement was
reached (H.B., T.K.). In instances of non-agreement, a third researcher (H.W.) was available
to resolve discrepancies.

The intention was to categorize the care elements according to Donabedian’s healthcare
quality model to identify the protocols’ structural, process, and outcome elements [22].
However, all identified care elements were process-related. Consequently, the researchers
chose to report the care elements by following the care pathway of the Orthogeriatric Care
Model of the FFN, encompassing the emergency phase, pre-operative phase, operative
phase, post-operative phase, rehabilitation, and return to function [23]. A non-operative
phase was added separately since it recurred in several care pathways. Structural elements
were identified within the care pathways: in- and exclusion criteria, the use of quality
indicators, and responsibility tables or flowcharts.

2.1.3. Model of Orthogeriatric Care

The type of integrated care in orthogeriatric trauma was divided into three different
types: (1) orthopedic trauma surgeon-led care—a surgeon-led model with the patient on
an orthopedic/surgical ward and consultation with the geriatrician; (2) geriatrician-led
care—a geriatrician-led model with the patient on a geriatric ward and consultation with
an orthopedic trauma surgeon; (3) an integrated care model with shared responsibility—
the patient on a ward with shared care between a geriatrician and orthopedic trauma
surgeon [5–7]. The model used in the hospital/care pathway was identified and inde-
pendently described by the two researchers (H.B., T.K.). In case of disagreement, a third
researcher (H.W.) was available.

3. Results

3.1. Inventory

Out of 71 contacted hospitals, 56 responded (response rate 79%). Among them, 46
(82%) hospitals shared their care pathways. Four of the responding hospitals were affiliated
with universities. Ten hospitals could not provide a care pathway: two had a care pathway
under development, three did not have one, four hospitals did not share a written protocol
but instead provided information via telephone and details about the organization, and
one declined to provide it. For 44 hospitals, the type of orthogeriatric care model could be
identified. The distribution was equal between hospitals with orthopedic trauma surgeon-
led care (N = 21) and those with an integrated care model with shared responsibilities
(N = 21). Two hospitals had geriatrician-led care (Figure 1).
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Figure 1. Flowchart with the inventory process and distribution of orthogeriatric care models.

3.2. Identified Care Elements

A detailed overview of the care elements with a description of the content is provided
in Figure 2. In total, 43 care elements were identified by the content analysis. The presence
of the care elements varied between 7% (information–expectation management in the non-
operative phase) and 87% (delirium prevention/risk analysis) (Figure 3). Several elements
were present in >70% of the hip fracture care pathways, including pain management,
medical assessment—blood tests and electrocardiograms, a urinary catheterization policy,
thrombosis prophylaxis, delirium prevention/risk analysis, discharge planning, and a
mobilization policy (Table 1). Various care elements were present in less than 20% of the
hip fracture care pathways, including pain management in the non-operative phase, the
involvement of carers and/or family, and information/expectation management in the
non-operative phase.

Figure 2. Overview of identified care elements per phase of care.
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Figure 3. Percentage of agreement with the identified care elements per hospital.

Table 1. Overview of identified care elements.

Phase Elements of Care Pathways
Total N = 46
N (%)

Emergency phase

Pain management 35 (76)

Treatment decision 28 (61)

Involvement of carers and/or family 18 (39)

Medical assessment:
chest X-ray
urine analysis
blood test
electrocardiogram

27 (59)
17 (37)
38 (83)
35 (76)

Medication check 24 (52)

Treatment team
attending physician
consulting physician

17 (37)
12 (26)

Urinary catherization policy 33 (72)

Treatment limitation 29 (63)
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Table 1. Cont.

Phase Elements of Care Pathways
Total N = 46
N (%)

Non-operative pathway

Treatment goal (palliative vs. conservative) 17 (37)

Pain management 7 (15)

Involvement of carers and/or family 5 (11)

Information/expectation management 3 (7)

Pre-operative phase

Development of treatment goals 20 (43)

Anticoagulation 25 (54)

Thrombosis prophylaxis 36 (78)

Allied health professionals
physiotherapist
dietician

29 (63)
20 (43)

Delirium prevention/risk analysis 40 (87)

Pressure ulcer prevention 27 (59)

Discharge planning 37 (80)

Fall assessment/prevention 30 (65)

Diabetes policy 12 (26)

Antibiotic prophylaxis 19 (41)

Comprehensive geriatric assessment 10 (22)

Operative phase
Type of anesthesia 10 (22)

Time to surgery 18 (39)

Post-operative phase

Contact with patient/family 25 (54)

Mobilization policy 33 (72)

Bone health assessment/osteoporosis 25 (54)

Medical assessment:
X-ray
blood test

22 (48)
19 (41)

Constipation policy 18 (39)

Fluid balance 26 (57)

Wound care 26 (57)

Transfusion 16 (35)

Nutrition assessment 27 (59)

Rehabilitation

Triaging 31 (67)

Medication check 22 (48)

Discharge criteria 10 (22)

Return to function

Follow-up care
two weeks
six weeks
three months

13 (28)
26 (57)
19 (41)

X-ray check 21 (46)

Fall prevention 16 (35)

Follow-up fracture care 28 (61)
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3.3. Structure of Care Pathway

The care pathways varied in their inclusion and exclusion criteria and the use of quality
indicators. Several care pathways applied an age threshold for patients ≥ 70 years old
(N = 7) or only included frail patients (N = 4), and four care pathways excluded pathological
hip fractures.

Out of 46 care pathways, 19 described quality indicators. An overview of the identified
quality indicators can be found in Table 2. The quality indicator “Operation within 24 h
after admission” was most often described (N = 9). Flowcharts and responsibility formats
were identified as structural elements. Specifically, 11 included a flowchart of the care
pathway, and eight included a responsibility matrix specifying which healthcare provider
was responsible for each part of the care.

3.4. Care Elements
3.4.1. Diagnostics (Emergency Care)

Among the 46 care pathways, 39 described information regarding the medical as-
sessment conducted in the Emergency Department. Various types of diagnostics were
identified, including chest X-rays, electrocardiograms, blood tests, and urine sediment anal-
yses. Specifically, 38 hospitals recommended blood tests, 35 mentioned electrocardiograms,
27 described chest X-rays, and 17 specified urine sediment analyses.

3.4.2. Treatment Team

The attending physician was, in most cases, the orthopedic surgeon or a trauma-
certified surgeon (N = 16), and the geriatrician was the consulting physician (N = 15).
In limited cases, the geriatrician acted as an attending physician (N = 2). In some care
pathways, a change in the treatment team occurred during the hospital stay, where the
geriatrician took over the role of the attending physician from the surgeon after 24 h (N = 1),
directly post-operatively (N = 2), or after two days (N = 3).

3.4.3. Use of Thrombosis Prophylaxis

Different types and durations of thrombosis prophylaxis post-operatively were ob-
served in 35 care pathways. In most cases, a separate care protocol was described for the
use of thrombosis prophylaxis (N = 8). Dalteparin was mentioned most often (N = 8), with
durations varying from 5 weeks (N = 4) to 6 weeks (N = 1). Seven care pathways advised
the use of Fraxiparine for 4 to 6 weeks, and two recommended Nadroparin.

3.4.4. Involvement of Allied Health Professionals (Pre- and Post-Operative)

Out of the 46 care pathways, 33 described the consultation of paramedics either pre-
or post-operatively. Four types of paramedics were identified: physiotherapy, dietetics,
speech therapy, and occupational therapy. Regarding physiotherapy, four care pathways
recommended a pre-operative consultation, 13 care pathways a post-operative consultation,
and 24 did not specify the timing of consultation. A dietetics consultation was recom-
mended, in most cases, in the case of malnutrition (N = 16). Six care pathways described
the consultation of a speech therapist, and one care pathway described the consultation of
an occupational therapist.

3.4.5. Outpatient Visits

Among the 46 care pathways, the timing of the outpatient visits could be identified in
34 pathways. Most recommended a follow-up visit six weeks post-operatively (N = 24),
and 19 care pathways advised a follow-up visit at three months. Other care pathways
advised to plan a visit at 8–10 weeks (N = 1), six months (N = 2), and 12 months (N = 2).
Three care pathways recommended to forego outpatient follow-up in the hospital in case
the patient was discharged to a nursing home. Two care pathways recommended to forego
follow-up in case of cognitive impairment or dementia.
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Table 2. Identified quality indicators used in the care pathways.

Quality Indicators N

Process

Discharge from the emergency department to a ward within a
1 h timeframe
90 min timeframe
2 h timeframe

2
1
6

Assessed by a doctor within 2 h 1

Operation within X hours after admission
24 h
Within 24 h in case of ASA 1-2
36 h
Median time between operation–admission

9
1
1
1

Discharge from hospital
Length of stay
Discharge on day 4–5
% Delayed length of stay (>day 4)
90% Within length of stay of 6 days

1
1
1
1

Co-treatment by a geriatrician
Patients operated by a certified trauma surgeon or orthopedic
surgeon and peri-operative co-management by a geriatrician
Co-management in patients over 70 years old
100% assessment by a geriatrician within 1 day of admission

1
1
1

Registry
Registration of functional outcome measurement three months
after discharge
Registration of functional outcome measurements for patients
over 70 years old
Registration of functional measurements before admission and
three months after discharge

1
1
1

Percentage of patients with an FICB

Outcome

Reoperation
Within three months due to wound infection
Within 60 days in patients over 65 years old

1
1

Informed consent check 100% 1

Complications (wound infection, pressure ulcer, delirium) 1

Mortality after 30 days and after one year 1

Pain score NRS 4 1

Readmissions (not further specified) 1

Surgery report within 24 h 1

Discharge letter within 24 h 1

Morbidity (not further specified) 1

Patients aged 50–80 and over 80 with a bone mineral density (BMD) measurement
within 1 year before or up to 3 months after a fracture 1

4. Discussion

A descriptive content analysis was conducted to map the orthogeriatric care integra-
tion and variability within care pathways in the Netherlands. Forty-three care elements
were identified in 46 different care pathways, with substantial variability in the care path-
way elements, ranging from 7% to 87%. Further analysis uncovered variability regarding
the treatment team, the involvement of allied health professionals, thrombosis management,
and post-operative care. The models of orthogeriatric care were divided equally between
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orthopedic trauma surgeon-led care with geriatric consultation (N = 21) and integrated
care with shared responsibilities (N = 21).

Standardizing clinical processes is an effective strategy in reducing variability and
minimizing the risk of medical errors [24]. In this study, substantial variability was observed
in several aspects of the care pathways. The variation in care elements as well as treatment
policies might therefore be concerning. For example, certain elements, such as delirium
prevention, urinary catheterization policies, and discharge planning, occurred relatively
frequently, while osteoporosis care was seldom described. Hip fracture patients constitute
a heterogeneous group where a uniform approach to care may not always be appropriate.
However, it can be argued that certain elements warrant almost universal application, such
as having integrated or shared decision-making and a pain management plan, as advocated
for by the FFN. Several of these elements, where universal application could be argued,
were infrequently described in the care pathways, including the development of treatment
goals. Although some space for variability in the clinical application of care is necessary
due to the heterogeneity of the hip fracture population, the further standardization of hip
fracture care pathways might be a promising improvement strategy.

A prerequisite for the further standardization of hip fracture care pathways is a clear
definition of the term ‘care pathway’. This is necessary to provide direction for clinicians
and establish the grounds for the adequate evaluation of care pathways. In the current
literature, several synonyms and definitions exist for the term ‘care pathway’, and clear
descriptions of the care pathway evaluation criteria are lacking. The broad terminology
used for the term care pathway also complicates the process of identifying the relevant
literature and evaluation methods. To our knowledge, a validated method to evaluate
care pathways remains absent. Most literature describes single-site implementations
and the implementation of care pathways. It does not examine multiple care pathways
on a broad scale, as was conducted in the current study, which looked at the national
level. A previous systematic review by Vanhaecht identified various tools to assess
care pathways [25]. This review identified the Integrated Care Pathways Appraisal Tool
(ICPAT) as the most appropriate tool to evaluate clinical pathway documents; however, it
was neither available nor used in practice and mainly focused on the English care setting
rather than the Dutch [26,27]. Vanhaecht et al. concluded that extremely little research has
been conducted on these tools. The available tools often have a specific application for
the implementation and evaluation of the care pathway, work in a particular setting, or
are not validated or widely used. Since no validated method was available, the deductive
and inductive content analysis made it possible to evaluate all available care pathways
critically and understand the variability between the care elements. Therefore, all efforts
were made to sustain a robust and valid method for the assessment of the care pathways
through evaluation by two independent researchers and contacting the European Pathway
Association (EPA) for alternatives.

Besides the ambiguous definition of the term care pathway and the subsequent compli-
cated evaluation, there remains a gap in understanding how care pathways and protocols
translate into everyday clinical practice. Consequently, it is unknown how differences
within care pathways and protocols between hospitals influence the quality of care. How-
ever, the implementation of a care pathway for older patients with hip fractures has been
shown to improve the quality of care and is advised by the FFN [28]. As previously de-
scribed, reducing variability through the standardization of clinical processes, of which
a care pathway is one, effectively reduces the risk of medical errors [24]. However, it is
important to consider the lessons from the earlier literature that discusses the balance
between clinicians’ freedom and the autonomy to provide appropriate care [29]. In other
words, care pathway implementation does not equal ‘cookbook medicine’ and this balance
is important for successful care pathway implementation.

In this study, almost half of the hospitals in the Netherlands used the integrated care
model with shared responsibility. Previous studies favored the integrated care model
with shared responsibility and geriatrician-led care over orthopedic trauma surgeon-led

79



J. Clin. Med. 2024, 13, 4589

care in terms of better outcomes [5–7]. Although the evidence for one model over the
other is limited, the overall evidence for orthogeriatric or multidisciplinary care over
usual care is apparent. Solberg et al. showed better outcomes for integrated care in
comparison to orthopedic trauma surgeon-led care regarding the removal of a urinary
catheter, mobilization day one post-operatively, and secondary fracture prevention [30]. In a
literature review, Kammerlander et al. compared four different models and found favorable
outcomes for integrated care regarding in-hospital mortality, the length of stay, and the
mean time to surgery [31]. Van Heghe et al., in a systematic review and meta-analysis,
compared the three models used in our study and observed better outcomes for all models
in terms of the length of stay, in-hospital mortality, 1-year mortality, and delirium [7].
However, they could not conclusively recommend one orthogeriatric care model over
another. Schuijt et al. evaluated the outcomes before and after implementing an integrated
orthogeriatric trauma unit and showed a reduction in post-operative complications, lower
1-year mortality, less time spent at the ED, and better data registration [9]. A previous
study by Werner et al. found the lowest percentage of joint care in the Netherlands at
74%, compared to the data of other European hip fracture registrations [14]. Since the
evidence regarding the benefits of integrated care has been known for several years, this
raises the question of why integrated care is not applied in most protocols. The analyzed
protocols may provide an incomplete picture of the actual clinical practice due to outdated
or incomplete care pathways. Although a previous study found support for integrated
care among specialists, including geriatricians and orthopedic trauma surgeons, there may
be unknown barriers in the Dutch healthcare system that delay the implementation of
integrated care, such as financial reasons or a lack of availability of physicians [32].

The strengths and limitations of this study should be considered. We conducted
extensive research looking into local written care pathways in the hospitals, seeking to
bridge the gap between the care pathway literature and the real-world hospital setting and
explore the gap between the care pathway literature and their implementation in hospitals.
The method used in this study made it possible to perform an extensive analysis of the
care pathways and elucidate the existing variability. The limitations included the lack of a
validated care pathway evaluation method, which resulted in the authors performing a
descriptive content analysis. Secondly, we merely explored the documented care pathways
and did not evaluate clinical practice. While it is likely that variability in protocols results
in variability in clinical practice, this cannot be concluded with certainty.

5. Conclusions

These findings show substantial variability in hip fracture care pathways in the Nether-
lands. Variations were observed concerning the frequency of care elements described in the
care pathways, ranging from 7% to 87%. Additionally, the structure and specifications of
specific elements, such as thrombosis prophylaxis and outpatient visits, varied widely. As
integrated care with shared responsibilities was observed in less than half of the hospitals,
it seems to lag behind in relation to the current scientific recommendations. The clinical
implications of the variability between care pathways, such as its influence on the quality
of care, need to be further investigated. Future research should focus on developing clear
care pathway definitions and evaluation methods.
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Abstract: Background/Objectives: Proximal femoral fractures (PFFs) among individuals aged
≥90 years are becoming more common with an aging population and are associated with high
morbidity and mortality. This study analyzed the prognostic factors influencing survival in nonage-
narian patients undergoing surgery for PFFs. Methods: We enrolled 285 patients who underwent
surgery between 2016 and 2022. Patients were classified into two groups: those with postoper-
ative survival >1 year (L) and those with postoperative survival ≤1 year (D). Factors assessed
included age, sex, body mass index (BMI), cognitive impairment, fracture type, surgical timing,
length of hospital stay, implant type, preoperative hemoglobin/albumin/white blood cell levels,
and Geriatric Nutritional Risk Index (GNRI). Results: The mean age at surgery was 93.2 ± 2.8 years
(mean follow-up = 18.9 months). The 12-month mortality rate was 28.8%. Intertrochanteric fractures
were observed in 136/47 patients, and femoral neck fractures were observed in 67/35 patients in
the L/D group, respectively (p = 0.13). Days from admission to surgery were not significantly
associated with mortality (p = 0.56). The mean hospital stay was 17/22 days in the L/D group,
respectively. Univariate analysis identified age, BMI, cognitive impairment, albumin level, and
GNRI as statistically significant predictors. Multivariate analysis revealed length of hospital stay
(odds ratio [OR] = 1.048 [95% confidence interval (CI): 1.019–1.078]; p = 0.001), cognitive impairment
(OR = 3.082 [95% CI: 1.367–6.945]; p = 0.007), and GNRI (OR = 0.929 [95% CI: 0.901–0.958]; p < 0.001)
as independent predictors of mortality. Conclusions: This study identified cognitive impairment,
a low GNRI, and prolonged hospital stay as independent prognostic factors for 1-year mortality in
nonagenarian patients with PFFs. These findings highlight the importance of addressing malnutri-
tion and cognitive decline through tailored interventions, alongside optimizing surgical timing and
hospital care. A multidisciplinary approach remains essential for improving survival outcomes in
this vulnerable population.

Keywords: body mass index; cognitive impairment; geriatric nutritional risk index; prognostic factor;
proximal femoral fracture

1. Introduction

Proximal femoral fractures (PFFs) are prevalent among older adults and pose signifi-
cant clinical challenges. With an aging society, the occurrence of PFFs among nonagenarians
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has become increasingly common. Japan is among the most rapidly aging countries glob-
ally, with >10% of its population aged ≥80 years [1,2]. As populations age, the incidence of
PFFs is expected to increase [3,4]. Consequently, research on the prevention, treatment, and
prognosis of PFFs is becoming increasingly important [5,6].

A previous study [7] found that individuals aged ≥85 years have a 15–18-fold higher
risk of hip fracture than do those aged 50–54 years. Another study [8] reported that the
incidence of PFFs among individuals aged ≥90 years is eight times higher than that among
those in their seventies. Previous studies [9,10] have shown that PFFs are associated with
high mortality rates and significant morbidity.

The risk of PFFs increases with age, primarily due to osteoporosis, making these
fractures a significant cause of morbidity and mortality in advanced age [11]. Hip fractures
profoundly impact the function and quality of life of patients aged ≥90 years. While
surgical intervention and early rehabilitation remain the standard treatment for PFFs,
limited data exist on surgical outcomes in nonagenarians, leaving many aspects of their
prognosis unclear [12].

Multidisciplinary approaches play a crucial role in optimizing outcomes in older
patients with hip fractures. Integrated orthogeriatric treatment models—involving sur-
geons, geriatricians, physiotherapists, and nutritionists—have been shown to reduce com-
plications and improve mortality rates in older populations [13,14]. Given the unique
physiological and psychological challenges faced by nonagenarians, including higher rates
of comorbidities and complications, a collaborative approach tailored to their needs is
essential for improving survival and recovery [13].

Mortality after hip fracture surgery is influenced by multiple factors, including age,
time to surgery, sex, a high American Society of Anesthesiologists (ASA) score, cognitive
impairment, and malnutrition [11,12,15]. Various scoring systems have been developed
to predict postoperative outcomes in older patients with hip fractures. Among these, the
Nottingham Hip Fracture Score is widely used to estimate the risk of mortality, partic-
ularly within the first 30 days after surgery. This score incorporates variables such as
age, sex, preinjury mobility, and comorbidities to provide a comprehensive assessment of
patient risk [16].

Nutritional status, as assessed using tools such as the Geriatric Nutritional Risk Index
(GNRI) and cognitive impairment are particularly critical determinants of postoperative
outcomes in older populations. The GNRI provides a comprehensive evaluation of nu-
tritional status by incorporating both serum albumin levels and body mass index (BMI),
which are independently associated with mortality in older adults with hip fractures. Re-
cent studies, including a meta-analysis, have validated the predictive value of the GNRI
for postoperative complications, highlighting its potential as a reliable prognostic tool [17].
Similarly, cognitive impairment is a well-recognized risk factor for poor surgical outcomes,
including increased mortality and reduced functional recovery. A recent systematic review
has revealed that dementia significantly contributes to early mortality after hip fracture
surgery, although it primarily focused on younger older adult populations overall [15].
While prior studies have examined hip fracture outcomes in nonagenarians, many lacked
using standardized cognitive scoring methods, which may underestimate the true impact
of cognitive impairment [13]. The use of validated tools, such as the Abbreviated Mental
Test Score (AMTS), provides a more objective and reliable assessment of cognitive status,
enabling a clearer understanding of its influence on mortality.

Most existing studies on hip fractures in nonagenarians have focused on short-term
outcomes, such as 30- or 90-day mortality, with limited attention to longer-term survival
rates [18–20]. For example, while several studies have highlighted the immediate risks
associated with surgery, few have systematically evaluated 1-year survival rates or the
factors influencing them. Furthermore, while 1-year mortality data are relatively abundant
for younger older populations, such as those in their seventies or eighties, these data are
scarce for nonagenarians. Given the unique vulnerabilities of this age group, understanding
1-year outcomes is critical for guiding treatment strategies and improving prognostic
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predictions. We conducted this study to fill this gap by analyzing the 1-year survival
outcomes and their associated prognostic factors in nonagenarian patients with PFFs.

Despite the identification of these risk factors, a consensus on the most predictive
factors of mortality in patients aged ≥90 years with PFFs remains elusive. In this study, we
aimed to analyze the surgical outcomes for PFFs in patients aged ≥90 years and to identify
factors associated with their survival.

2. Materials and Methods

2.1. Ethics

The study was conducted in accordance with the Declaration of Helsinki and approved
by the Institutional Review Board of the National Hospital Organization Okayama Medical
Center (approval number: 2022-154; approval date: 20 December 2022). Informed consent
was obtained from all subjects involved in the study.

2.2. Study Design and Participants

A total of 305 consecutive patients aged ≥90 years who underwent surgery for PFFs
at our hospital between January 2016 and December 2022 were retrospectively reviewed.
After excluding 20 patients because of insufficient follow-up, 285 patients were included in
the study. Patients with postoperative survival >1 year were categorized as the L group,
while those with postoperative survival ≤1 year were categorized as the D group. The ex-
clusion criteria included fractures related to bone tumors and patients who had undergone
osteosynthesis revision.

2.3. Operative Procedure

All patients underwent surgery under spinal or general anesthesia. Intertrochanteric
fractures were treated using a Dynamic Hip System (DePuySynthes, Warsaw, IN, USA) or
an intertrochanteric nail. The intertrochanteric nails used were the TFN-ADVANCED™
Proximal Femoral Nailing System (DePuySynthes) or the Unicorn nail (HOYA Techno-
surgical, Tokyo, Japan). The choice of implant was based on patient factors such as bone
quality, fracture stability, and overall health status. Non-displaced femoral neck fractures
were treated with cannulated cancellous hip screws, while displaced femoral neck frac-
tures were managed with hemiarthroplasty. All patients were allowed full weight-bearing
ambulation postoperatively.

2.4. Follow-Up

Hospital transfer was typically scheduled for approximately 14 days postoperatively,
depending on patient progress. After transfer, patients were monitored at the outpatient
clinic at 12 weeks, 6 months, 12 months, and annually thereafter—or until death. Survival
status was ascertained through hospital follow-up visits or by contacting patients and
their families. Mortality at 6 months, 12 months, and at the end of the study period was
documented. Patients who survived were followed up for ≥12 months, while those who
passed away were followed up until the date of death, which marked the endpoint for
mortality analysis. Thus, the follow-up duration ranged from the date of surgery to death
or the conclusion of the study. The primary endpoint was either death or the conclusion of
the study (December 2023).

2.5. Determination of Prognostic Risk Factors

Factors evaluated included age; sex; BMI; cognitive impairment; fracture type; days
from injury to surgery; days from admission to surgery; length of hospital stay; duration of
surgery; levels of hemoglobin, albumin, and white blood cells; and Geriatric Nutritional
Risk Index (GNRI) on admission. The GNRI was calculated based on serum albumin levels
and body weight relative to ideal body weight using the following equation:

GNRI = (1.489 × serum albumin (g/dL)) + (41.7 × actual body weight (kg)/ideal body weight (kg)) (1)
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where ideal body weight was defined as the weight corresponding to a BMI of 22 kg/m2.
This index is commonly used to assess nutritional risk in older patients [21]. Data were
collected by reviewing hospital records and interviewing patients and their relatives.
Cognitive impairment was assessed using the AMTS, with a threshold of 7 points (with
scores of ≤6 indicating impairment). Prefracture functional status was assessed and
categorized into five groups based on the degree of mobility: patients who could walk
independently without assistive devices (Free Walk), those who required a cane (Cane Gait),
those using a walker (Walker), and those who were either wheelchair-bound (Wheelchair)
or bedridden (Bedridden). For further analysis, these categories were consolidated into
two groups: those who were able to walk (Free Walk, Cane Gait, or Walker) and those who
were unable to walk (Wheelchair or Bedridden).

2.6. Statistical Analysis

Differences in patient characteristics were assessed using the chi-square test for cate-
gorical variables and the unpaired t-test for continuous variables. Post hoc power analysis
was conducted following the univariate analysis to ensure that the study had sufficient
statistical power to detect significant differences, with a threshold set to 0.80. Multivariate
analysis was subsequently performed using logistic regression to identify independent
factors associated with mortality. Receiver Operating Characteristic (ROC) curve analysis
was employed to determine the optimal cut-off values for statistically significant variables
in the univariate or multivariate analyses. The Youden index was calculated to identify
cut-off values that maximized the balance between sensitivity and specificity, and the
area under the curve (AUC) was used to assess predictive accuracy. Patient survival was
analyzed using the Kaplan–Meier method, and between-group differences in survival were
assessed using the log-rank test. Statistical significance was set at p < 0.05. All statistical
analyses were conducted using GraphPad Prism (version 8.0; GraphPad Software, San
Diego, CA, USA).

3. Results

The mean age at surgery was 93.2 ± 2.8 years. The mean follow-up period was 18.9
(range = 0–80) months (Table 1). The cohort comprised 43 males and 242 females. The
numbers of deaths within 1 month, 6 months, and 12 months after surgery were 4 (1.4%),
54 (18.9%), and 82 (28.8%), respectively. According to the Kaplan–Meier method, the
median survival time was 37 months (Figure 1). The survival probability declined steeply
during the first year after surgery, with mortality rates of 1.4%, 18.9%, and 28.8% at 1 month,
6 months, and 12 months, respectively.

Table 1. Patient characteristics.

Characteristic Value

Age, years 93.2 ± 2.8
Sex
Female 242
Male 43
Fracture type
Trochanter 183
Neck 102
Treatment
Compression hip screw 94
Nail 89
Hemiarthroplasty 74
Cannulated cancellous hip screws 28
Days from injury to surgery 3.0 ± 4.0
Days from admission to surgery 1.9 ± 2.6
Length of hospital stay (days) 18.9 ± 9.3
Follow-up period (months) 18.2 ± 15.4

Data are presented as n or mean ± SD.
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Figure 1. Kaplan–Meier curve for overall survival illustrating the probability of survival following
surgical intervention for proximal femoral fractures. The solid line represents the Kaplan–Meier
curve. The dashed lines represent the 95% confidence intervals. The median survival time was
37 months, with a 95% confidence interval ranging from 29.0 to 44.5 months. The mortality rates were
1.4% (n = 4), 18.9% (n = 54), and 28.8% (n = 82) at 1 month, 6 months, and 12 months after surgery,
respectively. The curve represents long-term survival outcomes up to approximately 8 years.

A total of 183 patients had intertrochanteric fractures; 102 had femoral neck fractures
(Table 2). Among the patients with intertrochanteric fractures, 94 and 84 were treated with
the Dynamic Hip System and intertrochanteric nails, respectively. Among the patients
with femoral neck fractures, 28 were treated with cannulated cancellous hip screws, while
74 underwent hemiarthroplasty. The L group (patients who survived >12 months after
surgery) included 136 and 67 patients with intertrochanteric and femoral neck fractures,
respectively. The D group (patients who died within 12 months after surgery) included
47 and 35 patients with intertrochanteric and femoral neck fractures, respectively (p = 0.13).

Table 2. Univariate analysis of factors affecting survival.

Variables Alive (n = 203) Deceased (n = 82) p-Value

Age, years 92.8 ± 2.6 94.0 ± 3.1 0.015
Sex 0.10
Female 177 65
Male 26 17
BMI, kg/m2 20.2 ± 2.8 18.7 ± 3.3 <0.0001
Cognitive impairment 0.0004
Yes 141 73
No 62 9
Fracture type 0.13
Trochanter 136 47
Neck 67 35

0.48

Implant type
Dynamic Hip System 69 25
Intertrochanteric nail 67 22
Cannulated cancellous hip screws 18 10
Hemiarthroplasty 49 25
Days from injury to surgery 3.1 ± 4.2 2.7 ± 3.5 0.50
Days from admission to surgery 2.0 ± 2.7 1.9 ± 2.4 0.56
Length of hospital stay (days) 17 ± 7.8 22 ± 11.7 0.003
Duration of surgery (minutes) 82 ± 29.7 80 ± 26.1 0.77
Hemoglobin 10.8 ± 1.7 10.7 ± 1.9 0.51
Albumin 3.6 ± 0.46 3.3 ± 0.51 <0.0001
White blood cells 9.1 ± 3.3 9.0 ± 3.9 0.62
GNRI 91.8 ± 9.1 84.9 ± 10.2 <0.0001

Data are presented as n or mean ± SD. GNRI: Geriatric Nutritional Risk Index.
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The mean surgical duration was 82.3 ± 29.7 min for the L group and 80.2 ± 26.1 min
for the D group (p = 0.77). The mean duration from injury to surgery was 3.0 ± 4.0 days;
the mean duration from admission to surgery was 1.9 ± 2.6 days; and the mean length of
hospital stay was 18.9 ± 9.3 days. The mean durations from injury to surgery were 3.1 ± 4.2
and 2.7 ± 3.5 days in the L and D groups, respectively (p = 0.50). The mean durations from
admission to surgery were 2.0 ± 2.7 and 1.9 ± 2.4 days in the L and D groups, respectively
(p = 0.56). The mean lengths of hospital stay were 17 ± 7.8 and 22 ± 11.7 days in the L and
D groups, respectively (p = 0.003) (Table 2).

3.1. Univariate Analysis of Prognostic Factors

Other examined variables included age (mean = 92.8 years in the L group and
94.0 years in the D group; p = 0.015); sex (male/female = 26/177 in the L group and
17/65 in the D group; p = 0.10); BMI (mean = 20.2 kg/m2 in the L group and 18.7 kg/m2

in the D group; p < 0.0001); cognitive impairment (69.5% in the L group and 89.0% in
the D group; p = 0.0004); prefracture functional status (ambulatory patients = 86.2%
in the L group and 81.7% in the D group; p = 0.2261); hemoglobin level on admission
(mean = 10.8 g/dL in the L group and 10.7 g/dL in the D group; p = 0.51); albumin level
on admission (mean = 3.6 g/dL in the L group and 3.3 g/dL in the D group; p < 0.0001);
white blood cell count (mean = 9.1 μL in the L group and 9.0 μL in the D group; p = 0.62);
GNRI on admission (mean = 91.8 in the L group and 84.9 in the D group; p < 0.0001);
and implant type (Dynamic Hip System/intertrochanteric nail/cannulated cancellous hip
screws/hemiarthroplasty = 69/67/18/49 in the L group and 25/22/10/25 in the D group;
p = 0.48) (Table 2). In the univariate analysis, age, BMI, length of hospital stay, cognitive im-
pairment, albumin level on admission, and GNRI were found to be significantly associated
with overall survival. Post hoc power analyses were conducted to confirm the adequacy
of the sample size for these key variables. The power achieved for each variable was as
follows: age (0.7661), BMI (0.9826), length of hospital stay (0.9156), cognitive impairment
(0.9858), albumin level (0.982), and GNRI (0.9998). The results demonstrated sufficient
statistical power for most variables, except for age, which had a slightly lower but still
acceptable power.

3.2. Multivariate Analysis of Prognostic Factors

Multivariate analysis demonstrated that the length of hospital stay (odds ratio [OR] = 1.048
[95% confidence interval (CI): 1.019–1.078]; p = 0.001), cognitive impairment (OR = 3.082
[95% CI: 1.367–6.945]; p = 0.007), and GNRI (OR = 0.929 [95% CI: 0.901–0.958]; p < 0.001)
were independently associated with mortality (Table 3).

Table 3. Multivariate analysis of factors affecting survival.

Variables OR
Interval

p-Value
Lower Upper

Length of hospital stay 1.05 1.02 1.08 0.001
Cognitive impairment 3.08 1.37 6.95 0.007

GNRI 0.93 0.90 0.96 <0.001
GNRI: Geriatric Nutritional Risk Index.

Although the age, BMI, and albumin level variables were statistically significant in the
univariate analysis, they were not retained in the final multivariate model following step-
wise selection. This was attributed to their relatively small independent effects compared
to other variables, such as the length of hospital stay, cognitive impairment, and GNRI,
which were retained in the final multivariate model.

3.3. Kaplan–Meier Survival Analysis

Kaplan–Meier survival analysis was conducted to further explore the impact of the
GNRI and cognitive impairment on patient survival. The GNRI cut-off value was deter-
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mined using the ROC curve, which evaluates the diagnostic ability of the GNRI to predict
survival outcomes. The area under the curve (AUC) was 0.68 (95% CI: 0.61–0.754, indicating
moderate predictive accuracy. A Youden index cut-off value of 83.72 was established to
optimally differentiate between higher- and lower-risk patients (Figure 2). This thresh-
old reflects a balance between sensitivity and specificity, supporting its clinical utility in
identifying patients at an elevated risk of poor outcomes.

Figure 2. Receiver operating characteristic curve based on a sample size of 285 patients illustrating
the diagnostic ability of the Geriatric Nutritional Risk Index in predicting survival outcomes. The
area under the curve (AUC) was 0.68 (95% confidence interval [CI]: 0.61–0.75) (p < 0.0001). The
Youden index cut-off value was 83.7.

Additionally, patients were grouped based on cognitive impairment, which was
defined by an AMTS score of 7. The Kaplan–Meier survival curves indicated that patients
without cognitive impairment had a significantly higher survival probability than did those
with cognitive impairment (p = 0.01; log-rank test) (Figure 3b).

Figure 3. Cont.
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Figure 3. Kaplan–Meier survival curves for Geriatric Nutritional Risk Index (GNRI) and cognitive
impairment: (a) Kaplan–Meier survival curves comparing patients with a higher (≥83.7) and lower
(<83.72) GNRI. The survival probability is shown over the elapsed months, indicating that patients
with a higher GNRI were found to have significantly better survival outcomes (p < 0.0001; log-rank
test). (b) Kaplan–Meier survival curves comparing patients with and without cognitive impairment
(defined as an Abbreviated Mental Test Score of 7). The analysis shows that patients without
cognitive impairment were found to have significantly better survival outcomes compared to those
with cognitive impairment (p = 0.01; log-rank test).

4. Discussion

4.1. Key Prognostic Factors for Survival

This study identified several prognostic factors for survival in patients aged ≥90 years
with PFFs, including BMI, cognitive impairment, albumin level, and GNRI. These findings
highlight the importance of nutritional and cognitive assessments in this vulnerable popu-
lation. The high post hoc power achieved for the key prognostic factors (age, BMI, cognitive
impairment, albumin level, and GNRI) supports the reliability of the study’s findings. The
powers for BMI, cognitive impairment, albumin level, and GNRI were all >0.98, indicating
that the sample size was sufficient to detect significant differences in survival outcomes.
Although the power for age was slightly lower at 0.7661, it was still within the acceptable
limits for drawing conclusions.

4.2. Mortality and Hospital Stay

In this study, longer hospital stays, a lower BMI on admission, cognitive impair-
ment, and lower albumin levels on admission were associated with higher mortality rates.
Ko et al. [22] have reported that shorter hospital stays for older patients with hip fractures
could be feasible without adversely affecting outcomes provided that tailored postopera-
tive care has been implemented. Early surgery and rehabilitation are crucial for reducing
mortality rates, whereas the length of hospital stay directly affects prognosis [9]. However,
it is important to note that the length of hospital stay is influenced by institutional policies,
social factors, and logistical constraints, including the availability of rehabilitation hospitals,
which is particularly relevant in Japan where postoperative transfers are common. These
factors may not directly reflect the patient’s clinical outcomes, highlighting the need to
evaluate the length of hospital stay alongside other variables when assessing mortality risk.
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4.3. Nutritional Status: GNRI, BMI, and the Obesity Paradox

Previous studies [10,15] have also demonstrated that both a low BMI and low serum
albumin levels are independently associated with higher mortality rates in patients with
PFFs. Given that the GNRI combines these two critical indicators of nutritional status, it
provides a more comprehensive assessment of malnutrition and its impact on survival
outcomes. However, to our knowledge, no previous studies have specifically examined
the GNRI as a prognostic factor in nonagenarians with hip fractures. Our study is the
first to demonstrate that a low GNRI is significantly associated with increased mortality in
patients aged ≥90 years, highlighting the importance of addressing nutritional status in
this highly vulnerable population. Our findings suggest that, similar to younger cohorts,
malnutrition remains a critical determinant of survival, and interventions aimed at improv-
ing nutritional status could play a key role in improving outcomes for nonagenarians with
hip fractures. Older patients with cognitive impairment have poorer outcomes after hip
fracture surgery, including higher mortality rates and reduced functional recovery [23,24].
A multidisciplinary approach is essential for managing patients with dementia undergoing
hip fracture surgery, focusing on tailored postoperative care to improve outcomes.

Hypoalbuminemia (low serum albumin levels) has been found to significantly in-
crease postoperative complications, including infections, delayed wound healing, and
prolonged hospital stays [25]. Preoperative nutritional status is crucial for determining
patient outcomes, highlighting the importance of appropriate nutritional management and
postoperative care strategies. Lower preoperative serum albumin levels are associated with
higher postoperative mortality and morbidity rates [26,27]. Routine assessment of albumin
levels as part of the preoperative evaluation could enhance long-term survival outcomes in
this vulnerable patient population.

Previous studies have shown that a high BMI is associated with increased morbidity
and mortality rates among older patients with PFFs. For instance, Soliman et al. [28] have
highlighted higher rates of comorbidities and post-trauma complications in patients with
obesity than in those with a normal weight. Similarly, another study [12] has emphasized
the negative impact of a high BMI on patient outcomes owing to the increased risk of
complications. However, the findings of the present study suggest that, in patients aged
≥90 years, a high BMI may be linked to better survival outcomes. This could be because of
a better nutritional status and greater muscle mass, which are crucial for recovery in very
old individuals. This “obesity paradox” indicates that a high BMI may provide a survival
advantage in this age group by offering greater energy reserves during acute illness or injury.
In contrast, a low BMI has been consistently associated with poorer surgical outcomes,
including a higher postoperative mortality rate, delayed recovery, and an increased risk
of complications. A low BMI often reflects malnutrition and sarcopenia, conditions that
compromise the body’s ability to heal and recover after major trauma or surgery [29,30].
Malnutrition, in particular, has been linked to immune dysfunction, prolonged wound
healing, and an increased susceptibility to infections, all of which can significantly impair
recovery after hip fracture surgery. This highlights the importance of early nutritional
assessment and intervention, especially in the oldest old population. Additionally, other
studies [31,32] have indicated that a high BMI in later life may be associated with a lower
risk of mortality from certain conditions, particularly cardiovascular disease. Individuals
who entered adulthood with a normal BMI and gradually became overweight tended to
live the longest [33]. These findings highlight the need for personalized medical approaches
in treating very old patients with PFFs. While traditionally viewed as a negative factor, a
high BMI might be beneficial for the oldest old, suggesting that clinical guidelines should
be refined to account for these unique characteristics. Further research is needed to fully
understand this association and its implications for patient care.

4.4. Surgical Timing and Patient-Specific Factors

Early surgery is expected to reduce mortality rates, enhance functional recovery, and
decrease the risk of complications in patients with PFFs [34,35]. However, acute medical
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conditions, such as heart failure, pneumonia, severe coagulation disorders, and metabolic
abnormalities, may contraindicate early surgery [12,36,37]. Stabilizing the overall condi-
tion of older patients with lower surgical tolerance before proceeding may be necessary.
In the present study, the number of days from admission to surgery was not significantly
associated with mortality (p = 0.56). This finding contrasts with those of previous studies
suggesting that early surgery improves outcomes in patients with hip fractures [34,35].
One possible explanation for this discrepancy is that the relatively short time from ad-
mission to surgery (mean 2.0 days) in our cohort may have limited the ability to detect
significant differences. Additionally, many patients experienced delays due to referral
processes prior to hospital admission, which may have influenced the definition of “de-
layed surgery” compared to other studies. This highlights the importance of evaluating
pre-hospital factors that could impact surgical timing and outcomes.

Furthermore, the lack of a significant association between implant type and survival
outcomes aligns with the notion that patient-specific factors, such as nutritional status and
comorbidities, play a more critical role in determining survival than does implant selection.

4.5. Mortality Trends and Prognostic Insights

While many reports have focused on the prognosis of patients with PFFs, few have
specifically addressed patients aged >90 years. Previous studies [38–41] have indicated that
the 1-year mortality rate for surgically treated patients aged >90 years ranges from 12.1%
to 54.7%. In the present study, the 1-year mortality rate was 28.8%, which is consistent
with these findings. Poor prognostic factors in the surgical management of PFFs in patients
aged ≥90 years include a preoperative ASA score of 4, female sex, delayed surgery, and
pre-existing heart disease and endocrinopathies. In the present study, no patients with an
ASA score of 4 underwent surgery. Although no significant difference was found regarding
sex, a trend toward higher mortality rates among males was observed. Generally, the
mortality rate after PFFs is higher among men than women [42–44]. This may be partly
explained by the generally shorter life expectancy among men [45].

Non-surgical management of PFFs in older individuals with frailty is associated with
higher mortality rates [46]. Surgery for femoral neck fractures in patients aged >90 years
significantly was found to improve survival rates compared to non-surgical treatment [47].
Timely surgery and proper preoperative management can significantly improve outcomes
and reduce mortality in this population [11,48].

4.6. Study Strengths and Limitations

This study has several strengths. First, the treatment outcomes were derived from a
single-center study, which ensured consistent treatment protocols, minimized potential
biases often associated with multicenter studies, and allowed for homogeneity in surgical
teams and postoperative care. This consistency has likely enhanced the internal validity of
our findings. Second, this study included a large sample size of 285 patients aged ≥90 years
with PFFs, which represent a patient demographic that is typically underrepresented in the
existing literature. Lastly, the high follow-up rate of 93.4% (285/305 patients) minimizes
the risk of follow-up bias and reinforces the robustness of the study’s findings.

The main limitations of this study include its retrospective design and potential bias
in data collection. As a retrospective study, it is subject to inherent biases, such as selection
bias and information bias, which may affect the accuracy of the results. The retrospective
nature of this study also limits our ability to establish causal relationships between the
identified prognostic factors and mortality outcomes. Although multivariate analysis
was used to adjust for confounding factors, residual confounding cannot be completely
ruled out. While the sample size is large for this specific age group, it remains limited
compared to studies with a broader population, potentially affecting the generalizability of
the results. In this study, diabetes and cognitive impairment were selected as the primary
comorbidities for analysis, as these conditions have been identified in prior studies as
key prognostic factors. However, other comorbidities, such as cardiovascular and renal
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diseases, were excluded owing to data limitations and the need to maintain statistical
power. Similarly, ASA scores were not included in this study, as specific documentation
regarding ASA classifications was unavailable retrospectively from the medical records.
Retrospectively assigning ASA scores based on subjective judgments, particularly for
borderline categories such as ASA 2–3, posed a substantial risk of bias. This limitation
highlights the necessity for standardized and systematic recording of ASA scores in future
research to ensure more rigorous and reliable prognostic evaluations. This limitation
may restrict the generalizability of our findings. Future studies should include a broader
range of comorbidities to provide a more comprehensive analysis. Variations in treatment
protocols across different healthcare facilities could lead to inconsistencies in patient care
and outcomes. Moreover, while the single-center design ensures consistency, it may limit
the generalizability of the findings to other healthcare settings with varying resources and
treatment protocols. The focus on 1-year mortality may not capture long-term outcomes,
and socioeconomic factors influencing patient outcomes may not have been adequately
addressed. Despite these limitations, this study provides valuable insights into the mortality
rates among nonagenarians following hip fracture surgery, contributing to the growing
body of knowledge in geriatric orthopedics.

4.7. Future Research Directions

Future research should focus on validating the GNRI as a dynamic prognostic tool in
nonagenarian patients with PFFs. While our study demonstrated its utility upon admis-
sion, it remains unclear whether the GNRI changes over the course of hospitalization and
whether such changes correlate with clinical outcomes. Prospective studies should evaluate
the impact of nutritional interventions on GNRI values and investigate whether improve-
ments in GNRI are associated with better survival and functional recovery. Additionally,
determining the optimal timing for GNRI assessment—whether at admission, postopera-
tively, or during rehabilitation—could enhance its clinical applicability. Such investigations
could provide a clearer understanding of how to integrate the GNRI into routine clinical
practice to improve outcomes in this vulnerable population. These future studies could
address some of the limitations discussed in the following section, particularly regarding
the retrospective design and limited assessment of comorbidities.

5. Conclusions

This study underscores the importance of identifying and managing specific prog-
nostic factors in nonagenarian patients with PFFs. A low BMI, cognitive impairment, low
albumin levels, and lengthy hospital stays were significantly associated with increased
mortality rates. By addressing these factors through tailored clinical interventions, health-
care providers can improve the overall survival and quality of care for this vulnerable
patient population. These findings highlight the need for a comprehensive multidisci-
plinary approach to treating older patients with hip fractures. Our study results suggest
avenues for further research, including large-scale multicenter studies for generalization,
long-term follow-up for deeper prognostic insights, and interventional studies, to improve
treatment protocols.
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Abstract: Background/objectives: Falls are a leading cause of traumatic injury and hos-
pitalization for adults over the age of 65. While common, bed-related falls are relatively
understudied when compared to ambulatory falls. The aim of this study is to charac-
terize the risk factors for the hospitalization of older adults presenting to U.S. emer-
gency departments (EDs) after a fall from bed. Methods: This was a cross-sectional
study using publicly available data from the U.S. Consumer Product Safety Commis-
sion’s National Electronic Injury Surveillance System (NEISS) from 2014 to 2023, includ-
ing all adults over the age of 65 presenting to the NEISS’s participating EDs with bed-
related fall injuries. We identified fall injuries using a keyword search of the NEISS
narratives and determined how the fall occurred by manually reviewing a random-
ized 3% sample of the narratives. We summarized demographics and injury patterns
with descriptive statistics. We constructed a multivariable logistic regression model to
identify risk factors for hospitalization and used Poisson regression to assess tempo-
ral trends in fall incidence and hospital admissions. Results: An estimated average
of 320,751 bed-related fall injuries presented to EDs annually from 2014 to 2023. ED
visits increased by 2.85% per year, while hospital admissions rose by 5.67% per year
(p < 0.001). The most common injury patterns were superficial injuries (contusions, abra-
sions, lacerations, avulsions, and punctures) (28.6%), fractures (21.7%), and internal injuries
(including concussions) (21.6%). Most of the falls occurred while transitioning into or out
of bed (34.4%) or falling out of bed (56.8%). Hospitalization was required in 34.1% of cases
and was associated with male sex, medication use at time of injury, and fracture injuries.
Conclusions: Bed-related falls and associated hospitalizations are increasing among older
adults. ED providers should understand risk factors for hospitalization in these common
injuries such as male sex, medication use at time of injury, and high-risk injury patterns.
Additionally, prevention efforts should focus on helping older adults remain safely in bed
and then assisting with transitions into or out of bed.

Keywords: older adult; bed-related falls; injury pattern; emergency department; hospitalization
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1. Introduction

Falls are the leading cause of injury-related morbidity and mortality in the U.S. for
people over the age of 65 [1]. Older adults [defined as adults over the age of 65 are
particularly susceptible to serious injury from low-energy falls due to age-related loss
of bone mass and bone microstructure, reduced muscle mass, and balance impairment
from other comorbidities such as diabetes [2–4]. Increased fall risk is also associated
with an increased risk of 30-day mortality after an emergency department (ED) visit for
any reason [5]. After falling, many older adults experience lasting impairment from loss
of motor capacity, poor gait performance, and depression [6]. As the U.S. population
ages, it is increasingly important to understand risk factors associated with falls in this
patient population.

Fall injuries are also a significant burden on the finances of individual patients and
society as a whole. In 2020, healthcare expenditures for fall injuries in older adults were
estimated to exceed USD 80 billion, with the majority being paid by public insurers [7].
Additionally, the median cost to individuals experiencing a fall was USD 26,143, which
could be a devastating blow to an already financially vulnerable demographic [8]. There
are also additional costs associated with arranging long-term care or transport to follow-up
appointments, as well as taking time from work for recovery.

An estimated 3 million falls presented to U.S. EDs in 2015 [9]. Many of these falls are
related to consumer products that act as tripping hazards such as stairs, rugs, bathtubs, and
toilets [10,11]. While some consumer product-related falls are well characterized in older
adults [10–12], traumatic injuries secondary to falling from a bed are less well-studied. Bed-
related falls have primarily been examined in a hospital or assisted living setting [13–15],
but it is important to understand the number of these injuries that occur nationwide in the
community setting. Additionally, traumatic falls from a bed may also present with injury
patterns different from ambulatory falls that could guide evaluation in the ED. Lastly, it
is important to understand how these injuries occur in the community setting to develop
effective risk mitigation strategies.

In this study, we examined the injury patterns and demographic characteristics of
older adults who presented to U.S. emergency departments following a bed-related fall
from 2014 to 2023. To understand how these injuries occur and what factors lead to hospital
admission, we manually reviewed a subset of narratives included in the NEISS data that
provide a short description of the events preceding each injury. Additionally, we analyzed
factors associated with an increased risk of hospitalization in these patients such as injury
pattern, age, medication or alcohol use, and sex [16–18].

2. Materials and Methods

This was a cross-sectional descriptive study using publicly available online data from
the U.S. Consumer Product Safety Commission’s National Electronic Injury Surveillance
System (NEISS). The NEISS collects data on consumer product-related injuries from 100 EDs
across the United States selected as a probability sample of all 5000+ U.S. hospitals. When
patients with these injuries present to the ED, they are included in the NEISS database [19].
To generate national estimates, the NEISS assigns a weight to each case based on the
hospital’s annual number of ED visits and geographic location [20].

At NEISS-participating hospitals, a professional coordinator collects standardized
data including patient demographics (age and sex), diagnosis, body part injured, patient
disposition, location where the injury occurred, and a brief narrative describing the incident
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that led to the injury. Additionally, the NEISS coordinator assigns each case a consumer
product code that specifies a product associated with the injury [19]. Data from the NEISS
has been used previously to characterize consumer product-related injury trends [10–12].
We adhere to the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guidelines for reporting observational studies [21].

This study utilized publicly available data and was determined not to require Institu-
tional Review Board (IRB) review or approval. The data used in this research is accessible
to the public without any restrictions, ensuring that no identifiable information about
individuals is included.

We queried the NEISS for product codes in the “Beds, mattresses, and pillows” cat-
egory and included all patients ≥65 years old from 2014 to 2023 that presented after an
injury to a NEISS-participating ED. We filtered for fall injuries by searching the narrative
for keywords related to falls (i.e., fall, fell, etc.) and categorized bed-related injuries as “fall”
or “non-fall.” We used the NEISS sampling weights to obtain national estimates and trends
of bed-related fall injuries over the study period, as well as demographic and injury-related
characteristics of these patients [20].

We randomly selected a sample of 3% (n = 2112) of the bed-related fall cohort for
manual review. The 3% was based on the necessary sample size for estimating event
proportions, based on a population of 70,391 cases, with a 2% margin of error and 95%
confidence interval [22,23]. In the bed-related fall cohort, we reviewed the narrative for
each injury and sorted injuries into one of the following categories:

1. Falling out of bed—incidents where the patient fell out of bed while they were already
safely in bed.

2. Transitioning—falling during a transition into or out of bed.
3. During activity out of bed—falls that occurred when the patient was out of bed

performing some activity (i.e., making the bed, vacuuming around the bed and
tripped on bedframe, etc.).

4. Found down/other—patient was found down by someone else and unable to report
mechanism or fall was due to a unique mechanism (i.e., trying to exercise sitting on
edge of bed and fell).

5. Incorrectly labeled fall—injuries that were incorrectly identified as falls (n = 59, 2.8%).
These were excluded from subsequent analyses.

We also reviewed the “body part” and “diagnosis” codes designated by the NEISS
and combined them into the following “injury pattern” categories using a modified Barell
matrix [24]: lower trunk fractures/dislocations, upper trunk fractures/dislocations, lower
extremity fractures/dislocations, upper extremity fractures/dislocations, head/face/neck
fractures, internal injuries (including hematomas and concussions), pain/weakness, contu-
sions/abrasions/lacerations/avulsions/punctures, sprains/strains, and other/unspecified.

We report descriptive statistics as median (IQR) or frequency (%) and display the data
three ways for comparison—as an unweighted summary of the full NEISS bed-related
falls cohort, as weighted estimates for the full U.S. population based on the full cohort and
each patient’s associated NEISS sample weight, and finally as an unweighted summary of
the manually reviewed 3% subsample (after removing the incorrectly included non-fall
injuries). To conduct a trend analysis of falls over time, within the full bed-related falls
cohort, we fitted Poisson regression models to assess changes in the number of fall-related
ED visits and resulting hospitalizations over time, with year as the independent variable.
We adjusted these counts by dividing by the total number of ED visits per year among
geriatric patients to account for annual fluctuations in total ED visits. We assessed the
goodness of fit of the Poisson regression models with McFadden’s pseudo-R-squared.
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Using the subsample of manually reviewed cases, we analyzed risk factors for hospi-
talization after presentation to the ED with logistic regression. We analyzed demographic
and injury-related characteristics in a simple regression model and considered variables
with a p-value less than 0.10 for inclusion in a multivariable regression model. Because
data was only available from 2018 to 2023 regarding the contribution of medications to the
fall incidents, we constructed a secondary multivariable model including this variable on
data from that time frame. All statistical analyses were completed using R (version 4.3.0;
R Core Team, 2024).

3. Results

Table 1 includes the demographics and injury characteristics of the cohort. From
2014 to 2023, a total of 70,391 patients with bed-related falls presented to
NEISS-participating EDs, with an average of 7039 bed-related falls per year. This translated
to a mean national estimate of 320,751 (SD 58,218) bed-related injuries per year. Over the
study period, after accounting for sampling weights, the estimated median patient age
was 81 (IQR 73–88), with 36.3% men and 63.7% women. An estimated 64.2% of injuries
were treated and released from the ED, 35.1% required hospitalization, observation, or
subsequent transfer, 0.5% left without being seen, and 0.1% resulted in mortality. Superfi-
cial injuries (contusions/abrasions/lacerations/avulsions) were the most common injury
pattern with a frequency of 28.6%, fracture and dislocations accounted for 21.7%, and
internal injuries (including concussions) accounted for 21.6%.

Table 1. Demographic and injury characteristics.

NEISS
Bed-Related Falls

Raw Total (n = 70,391)

Weighted U.S.
Estimate (n = 3,207,432)

Manually
Reviewed Sample

Raw Total (n = 2053)

Age Median (IQR) 81 (73, 88) 81 (73, 88) 81 (74-88)

Sex Male 25,677 (36.5%) 1,163,366 (36.3%) 735 (35.8%)

Female 44,713 (63.5%) 2,044,066 (63.7%) 1318 (64.2%)

Intersex 1 (0.0%) 80 (0.0%) -

Hospitalized Yes 23,975 (34.1%) 1,054,858 (32.9%) 699 (34.0%)

No 46,416 (65.9%) 2,152,655 (67.1%) 1354 (66.0%)

Disposition Treated and Released 44,203 (62.8%) 2,060,395 (64.2%) 1284 (62.5%)

Treated and Transferred 1072 (1.5%) 67,590 (2.1%) 28 (1.4%)

Treated and Hospitalized 22,903 (32.5%) 987,268 (30.8%) 671 (32.7%)

Held for Observation 1750 (2.5%) 72,406 (2.3%) 55 (2.7%)

Left without Being Seen 368 (0.5%) 16,096 (0.5%) 10 (0.5%)

Fatality 95 (0.1%) 3757 (0.1%) 5 (0.2%)

Alcohol 1 Yes 440 (1.1%) 19,967 (1.1%) 13 (1.1%)

No 39,932 (98.9%) 1,805,797 (98.9%) 1177 (98.9%)

Drug/Medication Caused 1 Yes 1736 (4.3%) 70,302 (3.9%) 55 (4.6%)

No 38,636 (95.7%) 1,755,462 (96.1%) 1135 (95.4%)

Injury Pattern Lower Trunk
Fracture/Dislocation 5965 (8.5%) 271,325 (8.5%) 170 (8.3%)

Lower Extremity
Fracture/Dislocation 2607 (3.7%) 119,724 (3.7%) 79 (3.8%)

Other/Unspecified 7987 (11.3%) 358,754 (11.2%) 221 (10.8%)

Upper Trunk
Fracture/Dislocation 2282 (3.2%) 104,235 (3.2%) 79 (3.8%)
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Table 1. Cont.

NEISS
Bed-Related Falls

Raw Total (n = 70,391)

Weighted U.S.
Estimate (n = 3,207,432)

Manually
Reviewed Sample

Raw Total (n = 2053)

Head/Face/Neck
Fracture/Dislocation 1256 (1.8%) 53,914 (1.7%) 32 (1.6%)

Internal Injury
(incl. Concussions) 16,310 (23.2%) 692,911 (21.6%) 513 (25.0%)

Pain/Weakness 9574 (13.6%) 416,635 (13.0%) 262 (12.8%)

Upper Extremity
Fracture/Dislocation 3081 (4.4%) 145,776 (4.5%) 106 (5.2%)

Superficial
(Contusions/Abrasions/
Lacerations/Avulsions)

18,641 (26.5%) 918,711 (28.6%) 521 (25.4%)

Sprains/Strains 2688 (3.8%) 125,528 (3.9%) 70 (3.4%)

Injury Mechanism 2 In Bed (Fell Out/Rolled) - - 1167 (56.8%)

Transitioning - - 707 (34.4%)

Out of Bed
(Walking/Activity) - - 122 (5.9%)

Other/Unclear - - 57 (2.8%)

1 Data only available for fall injuries from 2018–2023. 2 Data only available for manually reviewed sample.

The number of ED visits for bed-related falls (as a fraction of total ED visits) increased
by an average of 2.85% each year over the study period (95% CI 2.64–3.06%, p < 0.001),
and hospital admissions due to falls (also as a fraction of total ED visits) increased by an
average of 5.67% each year (95% CI 5.29–6.05, p < 0.001) (Figures 1 and 2).

Figure 1. Trends in national estimated ED visits for bed-related falls.
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Figure 2. Trends in hospitalization for bed-related falls.

In the selected subsample, which was manually reviewed and categorized by mech-
anism of injury, a total of 56.8% of falls occurred while in bed, 34.4% occurred during
a transition into or out of bed, 5.9% occurred during an activity out of the bed, and
in 2.8%, the mechanism and involvement of the bed in the injury was unique or unable to
be determined.

Results of the univariate logistic analyses are presented in Table 2. Men were more
likely to require hospitalization and have injuries associated with medication use. Hospi-
talization rates were also significantly associated with injury patterns. Injury mechanism
was borderline significant (p = 0.088), with hospitalization occurring most frequently in
patients with injuries while transitioning in and out of bed. Age and alcohol use at time of
injury did not meet our threshold for significance.

Based on the selection criteria (p < 0.10), sex, injury pattern, and injury mechanism
were included in the multivariable model on all patients from 2014 to 2023 (Table 3). Men
remained more likely to be admitted to the hospital compared to women (OR = 1.55,
95% CI: 1.26–1.91, p < 0.001). Among injury patterns, lower trunk fractures (OR = 10.04,
95% CI: 6.41–16.06 vs. patients diagnosed with pain/weakness) and lower extremity
fractures (OR = 4.59, 95% CI: 2.71–7.88) were associated with the highest odds of hos-
pitalization. Other significant injury patterns associated with increased hospitalization
included other/unspecified injuries (OR = 2.52, 95% CI: 1.72–3.70), upper trunk fractures
(OR = 2.23, 95% CI: 1.31–3.77), and head/neck/face fractures or dislocations (OR = 2.17, 95%
CI: 1.01–4.61). Conversely, patients with superficial injuries (OR = 0.56, 95% CI: 0.39–0.80)
and patients with sprains or strains (OR = 0.30, 95% CI: 0.12–0.66) were significantly less
likely to be hospitalized compared to patients presenting with pain or weakness. Injury
mechanism was not significantly associated with hospitalization in the multivariable model
(p = 0.59). A secondary multivariable model (Table 4) was run on patients injured from
2018 to 2023, as data collected during this timeframe included information about whether
medication/drug use contributed to each bed-related fall. In this model, falls caused
by drug or medication use were associated with a higher likelihood of hospitalization
(OR = 2.13, 95% CI: 1.20–3.80, p = 0.010).
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Table 2. Univariate analysis identifying predictors of hospitalization.

Variable Level N Total
N

Hospitalized
%

Hospitalized
OR 95% CI p-Value

Age Per 10 years - - - 1.07 0.97, 1.18 0.19

Sex Male 735 285 38.8% 1.38 1.15, 1.67 <0.001

Female 1318 414 31.4% 1.00 Ref

Alcohol 1 Yes 13 7 53.8% 2.00 0.66, 6.24 0.22

No 1177 434 36.9% 1.00 Ref

Drug/Medication Caused 1 Yes 55 29 52.7% 1.96 1.14, 3.39 0.015

No 1135 412 36.3% 1.00 Ref

Injury Pattern <0.001

Lower Trunk Fracture 170 133 78.2% 9.86 6.31, 15.72

Lower Extremity Fracture 79 48 60.8% 4.25 2.52, 7.26

Other/Unspecified 221 123 55.7% 2.62 1.80, 3.85

Upper Trunk Fracture 79 35 44.3% 2.18 1.29, 3.68

Head/Neck/Face
Fracture/Dislocation 32 14 43.8% 2.13 0.99, 4.51

Internal Injury
(incl. Concussions) 513 167 32.6% 1.32 0.96, 1.85

Pain/Weakness 262 70 26.7% 1.00 Ref

Upper Extremity Fracture 106 27 25.5% 0.94 0.55, 1.56

Superficial
(Contusions/Abrasions/
Lacerations/Avulsions)

521 90 17.3% 0.57 0.40, 0.82

Sprains/Strains 70 7 10.0% 0.31 0.12, 0.66

Injury Mechanism 0.088

In Bed (Fell Out/Rolled) 1167 384 32.9% 1.22 0.82, 1.86

Transitioning 707 264 37.3% 1.48 0.98, 2.28

Out of Bed (Walking/Activity) 124 35 28.2% 1.00 Ref

Other/Unclear 57 16 28.1% 0.97 0.47, 1.93

1 Data only available for fall injuries from 2018–2023. Bold used to denote p-values that are significant (<0.05).

Table 3. Multivariable logistic regression analysis of risk factors for hospital admission following
falls using covariates with p < 0.10 in univariate analysis.

Predictor Level OR 95% CI p-Value

Sex Male 1.55 1.26, 1.91 <0.001

Female 1.00 Ref

Injury Pattern <0.001

Lower Trunk Fracture 10.04 6.41, 16.06

Lower Extremity Fracture 4.59 2.71, 7.88

Other/Unspecified 2.52 1.72, 3.70

Upper Trunk Fracture 2.23 1.31, 3.77

Head/Neck/Face
Fracture/Dislocation 2.17 1.01, 4.61

Internal Injury (incl. Concussions) 1.30 0.94, 1.83

Pain/Weakness 1.00 Ref

Upper Extremity Fracture 0.99 0.58, 1.64

Superficial (Contusions/Abrasions/
Lacerations/Avulsions) 0.56 0.39, 0.80

Sprains/Strains 0.30 0.12, 0.66
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Table 3. Cont.

Predictor Level OR 95% CI p-Value

Injury Mechanism 0.59

In Bed (Fell Out/Rolled) 1.27 0.81, 2.02

Transitioning 1.37 0.86, 2.20

Out of Bed (Walking/Activity) 1.00 Ref

Other/Unclear 1.16 0.54, 2.43

Bold used to denote p-values that are significant (<0.05).

Table 4. Multivariable logistic regression analysis of risk factors for hospital admission following
falls using covariates p < 0.10 in univariate analysis with only patients injured from 2018 to 2023
when medication data was available.

Predictor Level OR 95% CI p-Value

Sex Male 1.44 1.11, 1.88 0.007

Female 1.00 Ref

Drugs/Medications Yes 2.13 1.20, 3.80 0.010

No 1.00 Ref

Injury Pattern <0.001

Lower Trunk Fracture 7.98 4.55, 14.43

Lower Extremity Fracture 3.35 1.74, 6.58

Other/Unspecified 2.05 1.29, 3.27

Upper Trunk Fracture 1.54 0.77, 3.06

Head/Neck/Face Fracture/Dislocation 1.43 0.53, 3.71

Internal Injury (incl. Concussions) 0.90 0.59, 1.37

Pain/Weakness 1.00 Ref

Upper Extremity Fracture 0.76 0.35, 1.55

Superficial (Contusions/Abrasions/
Lacerations/Avulsions) 0.57 0.36, 0.89

Sprains/Strains 0.15 0.02, 0.52

Injury Mechanism 0.74

In Bed (Fell Out/Rolled) 1.37 0.77, 2.53

Transitioning 1.39 0.77, 2.59

Out of Bed (Walking/Activity) 1.00 Ref

Other/Unclear 1.22 0.48, 3.03

Bold used to denote p-values that are significant (<0.05).

4. Discussion

Our study investigated fall injuries involving a bed in older adults using a national
database. Bed-related falls represent approximately 10% of the estimated 3 million falls in
adults over 65 that presented to the ED in 2015 [9]. We found that bed-related fall injuries
and hospitalizations have increased at a rate of 2.85% annually compared to a 3% annual
increase for all consumer product-related injuries in this age group [19]. This increase
mirrors a broader trend of rising fall injuries and mortality from falls [25], likely driven by
increasing multimorbidity in the U.S. [26].

When examining bed-related injuries, we found that 12.8% of cases sub-sampled
included ED presentations due to pain and general weakness, a category that is not part of
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the original NEISS coding. These cases do not fit well into a traditional injury classification
scheme; however, older patients with generalized weakness are more likely to sustain an
injury [27], and older patients who present to the ED with non-specific complaints have a
high risk of hospitalization and 30-day mortality [28,29]. The 12.8% of patients presenting
with pain/weakness in our cohort highlights the importance of a comprehensive assessment
of older adults presenting to the ED after a fall and incorporating gait evaluation prior
to dismissal to ensure safety [30]. Furthermore, falls in older adults represent a sentinel
event and a marker for deterioration in their health [31]. Reducing fall-related injury begins
with prehospital evaluations and “lift assist” calls and continues through risk assessments,
screenings, and interventions that occur during and after emergency department visits [31].

A total of 36.7% of bed-related falls identified required subsequent hospitalization
or transfer. Previous studies have shown that risk factors for hospitalization after a fall
include diagnoses of Parkinson’s dementia and urinary tract infection, as well as low
functional status and physical activity [32]. Our study found that certain injury patterns,
medication use, and sex were risk factors for hospitalization. While women were more
likely to present to the ED, men were more likely to require hospitalization. Men were
also more likely to fall once hospitalized and are more likely to experience fall-related
mortality, indicating that men may present to the hospital with more severe injuries relative
to their health status than women [1,33]. Interestingly, age was not an independent risk
factor for hospitalization in our cohort, indicating that other factors such as injury pattern
and medication use are more important drivers of hospitalization. Other risk factors for
hospitalization included fracture or dislocation of any type. These injuries were some of the
most common injuries in our cohort, highlighting the need for a thorough musculoskeletal
evaluation, including an evaluation for rib fractures after a bed-related fall. Injuries
associated with prescription medications were also more likely to require hospitalization.
The association between medications and hospitalization should prompt a medication
review in older adults presenting to the ED after a fall. While internal injuries, most of
which were head injuries, were not associated with an increased risk of admission in our
cohort, these injuries have been associated with an increased risk of return to the ED within
90 days and should be followed up closely [34].

Polypharmacy, the use of high-risk medications like benzodiazepines or opioids [35,36],
high comorbidity burden, visual and hearing impairments, orthostatic hypotension, home
hazards, balance and gait abnormalities, sarcopenia, alcohol use disorder, and frailty are
known risk factors for falls [37,38]. Identifying and addressing modifiable risk factors
such as poor visual acuity, high-risk medication use, and gait abnormalities during ED
and routine clinic visits prevent recurrent falls and promote safer mobility [39]. Measures
of function collected at the index ED visit, such as the Timed Up and Go, are helpful
in predicting clinical outcomes [40]. The American Geriatrics Society and the Geriatric
Emergency Care Applied Research Network (GEAR) emphasize comprehensive fall risk
assessments, including medication reviews and environmental evaluations, as part of their
guidelines for geriatric emergency care [41].

The mechanisms we identified through our narrative analysis provide valuable insight
for prevention efforts. Falling out of bed while already in bed accounted for 56.8% of
injuries, while falls during a transition into or out of bed represented 34.4% of injuries.
Interestingly, falls occurring while the patient was out of bed, such as tripping over the
bed frame or falling while making the bed, were less frequent at 5.9% but still warrant
attention as part of a comprehensive fall prevention strategy. Previous studies have demon-
strated that falls are associated with decline in function in more than one third of the
patients [37]. Our findings suggest that while fall mechanism was a significant risk factor
for hospitalization in the univariate analysis, injury pattern, especially fractures, was the
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most important driver of hospitalization risk. This may be because certain fall mechanisms
such as transitioning could lead to more severe injuries; thus, the mechanism and injury
pattern may be dependent on one another.

While physical measures such as bed rails, compliant flooring, and low-level beds have
not been shown to reduce bed-related fall injuries in hospital and long-term care settings,
these interventions have not been evaluated in older adults living independently [13–15].
Exercise plans have been shown to reduce the risk of falling and risk of serious injury
after a fall and could help reduce the risk of falling while transitioning into or out of
bed [42]. Additionally, multifactorial plans that include an assessment (timed up and
go test, gait speed test, Berg balance scale, etc.), a medication review, and one or more
additional interventions based on individual risk factors have been shown to be effective at
reducing falls, in general, but were not specifically targeted toward bed-related falls [42].
Our research suggests that interventions focused on helping older adults remain safely in
their beds during rest and move in and out of their beds could have the greatest impact on
reducing bed-related falls.

Our research had several limitations. The NEISS collects data from a nationally
representative sample of EDs but does not include a validated injury severity score and
does not account for non-emergent injuries treated at community clinics. As a result, the
database likely underestimates the total incidence of bed-related fall injuries. Further-
more, the NEISS captures presentations to EDs from the community but may not capture
bed-related fall injuries occurring during hospitalization. Additionally, while the narratives
provide a useful source of supplementary information, they are not standardized and can
vary in their content. The lack of standardized reporting in the narratives could potentially
introduce non-differential misclassification bias, although the analysis of the narratives has
been validated in case–control studies [43]. The coding structure of the NEISS can also lack
specificity on the diagnoses [44], data quality and completeness rely on documentation
available from the medical records, and the NEISS only includes drug and alcohol data
starting in 2018. Lastly, the NEISS only records information during the initial presentation
to the ED, precluding any long-term follow-up or analysis.

While our study provides a basic understanding of the epidemiology and risk factors
for hospitalization for bed-related falls, more research is needed to find interventions
effective at preventing these injuries. The current study highlights the need for targeted
efforts to reduce fall-related injuries in the bed environment [42]. Additionally, ongoing
research is primarily focused on preventing these injuries in hospital wards or assisted
living settings [13–15]. Future research is needed on evaluating interventions for older
adults who are at risk of falling but live independently in the community.

5. Conclusions

The incidence of bed-related falls and significant injuries requiring hospitalization
has been increasing in the past decade. This trend will most likely continue as the U.S.
population ages. Our study provides insight into the trends, mechanisms, and injury pat-
terns of bed-related falls in the geriatric (≥65 years old) population. One third of patients
who present to an ED following a bed-related fall will require subsequent hospitalization.
Patients with nonspecific complaints such as pain and weakness were much more likely
to require hospitalization than patients with superficial injuries, highlighting the need
for comprehensive assessment in all patients presenting with falls, including those that
have no evident injuries. Fracture injuries—particularly lower trunk and lower extremity
fractures—alongside drug/medication use and male sex emerged as the strongest pre-
dictors of hospitalization after falls. Understanding these patterns and trends is vital to
guiding patient counseling and future preventative efforts.
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Abstract: Background/Objectives: Anterior redisplacement, defined as a postoperative
anterior shift of the distal fragment despite intraoperative reduction, is occasionally ob-
served after cephalomedullary nailing for trochanteric femoral fractures. However, its
incidence and associated risk factors remain unclear. This study aimed to determine the
incidence of anterior redisplacement following intramedullary nail fixation in geriatric
trochanteric fractures, and to identify independent risk factors. Methods: This study
retrospectively reviewed data from 598 consecutive hips in 577 patients (aged ≥65 years)
who underwent intramedullary nail fixation for trochanteric fractures at a single center
(2012–2023). Sagittal reduction on the lateral radiographic view was classified as posterior,
anatomical, or anterior according to the position of the distal fragment, and was recorded
preoperatively and postoperatively. Anterior redisplacement, the primary outcome, was
defined as a change in alignment from a posterior or anatomical position postoperatively
to an anterior position on any subsequent follow-up radiograph. Independent risk factors
were identified by logistic regression. Results: Among the 543 hips reduced posteriorly
(n = 204) or anatomically (n = 339), anterior redisplacement occurred in 73 (13.4%). The
incidence of anterior redisplacement was significantly higher following anatomical com-
pared to posterior reduction (19.5% vs. 3.4%; p < 0.001), and also higher in fractures that
were anteriorly aligned preoperatively (18.0%) compared to anatomical (8.5%; p < 0.01)
and posterior (6.2%; p < 0.01) alignment. Multivariate analysis revealed two indepen-
dent predictors: preoperative anterior alignment (odds ratio [OR] 1.87, 95% confidence
interval [CI] 1.24–2.81; p = 0.003) and postoperative anatomical (vs. posterior) reduction
(OR 6.49, 95% CI 2.92–14.44; p < 0.001). Age, sex, Arbeitsgemeinschaft für Osteosynthese-
fragen/Orthopaedic Trauma Association classification, Evans–Jensen classification, nail
length, and canal-filling ratio were not associated with redisplacement. No lag-screw
cutout occurred during the follow-up. Conclusions: Anterior redisplacement occurred in
one of seven geriatric trochanteric fractures despite apparently satisfactory fixation. An
anatomical sagittal reduction—traditionally considered “ideal”—increases the risk more
than sixfold, whereas a deliberate posterior-buttress is protective. Unlike patient-related
risk factors, sagittal reduction is under the surgeon’s control. The study findings provide
evidence that choosing a slight posterior bias can significantly improve stability.

J. Clin. Med. 2025, 14, 5557 https://doi.org/10.3390/jcm14155557
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1. Introduction

Worldwide, intertrochanteric fractures account for roughly half of the 6–7 million
hip fractures projected annually by 2050. Most occur in adults aged ≥65 years and are
associated with 30-day and 1-year mortality rates of 10% and 20%–30%, respectively [1].
Recent Japanese epidemiological data demonstrate a persistent rise in proximal femoral
fractures, with 2005–2014 surveillance documenting a steadily increasing incidence [2]. A
35-year prefectural cohort study further reported 3369 hip fractures in 2020 alongside a
pronounced rebound in individuals aged ≥90 years [3]. The resulting loss of independent
mobility increases the institutional care demand and generates direct medical costs exceed-
ing USD 20 billion annually in high-income countries [4]. A more recent European report
showed that fragility fractures in the EU27+2 region incurred direct healthcare costs of
EUR 56.9 billion in 2019—an increase of approximately USD 2000–5000 per case compared
with earlier estimates [5].

Failed cephalomedullary fixation—particularly lag-screw or helical-blade cutout—remains
the most devastating mechanical complication, requiring revision arthroplasty in up to
7% of cases [6]. In a recent multicenter nested case–control study (n = 2327), Inui et al. re-
ported that anterior malreduction—defined as anterior displacement of the distal fragment
on postoperative oblique–lateral radiographs—increased the risk of cutout independently
of the tip–apex distance [7]. Although the tip–apex distance is a well-established predictor
of cutout, their findings shed new light on the independent effect of anterior malreduction,
emphasizing its clinical relevance.

Especially in older adults, closed reduction is generally preferred to minimize surgical
invasiveness. Moreover, recent studies suggest that closed reduction may also attenuate
postoperative sterile inflammatory responses [8]. However, achieving satisfactory sagit-
tal alignment through closed methods alone can be technically challenging. Numerous
intraoperative techniques have been developed to assist sagittal reduction in trochanteric
fractures, including reduction tools, percutaneous pins, and clamp-based methods. These
approaches are particularly useful when satisfactory alignment cannot be achieved by
closed manipulation alone [9–12].

Despite apparently acceptable intraoperative images, clinicians continue to observe
anterior redisplacement on early follow-up radiographs [13]. This phenomenon indicates
that static malreduction explains only part of the failure mechanism; fracture segments may
move secondarily through lag-screw telescoping or posterior sagging before the cortical
buttress engages [14,15]. However, the incidence, predictors, and clinical consequences of
this dynamic instability have not been quantified in a large cohort.

We hypothesized that fractures initially presenting with an anterior alignment—or
reduced to a neutral (anatomical) rather than posterior-buttress position—would exhibit
higher rates of anterior redisplacement and, consequently, greater mechanical instability.
To test this hypothesis, the position of the bone fragments was evaluated at three distinct
time points—preoperatively, immediately postoperatively, and at follow-up—allowing us
to identify any anterior redisplacement over time.
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2. Materials and Methods

2.1. Ethics

The study was conducted according to the guidelines of the Declaration of Helsinki
and approved by the Institutional Review Board of Fukuyama City Hospital (Approval
number 846 dated 29 November 2024). The requirement for written informed consent
was waived by the IRB; instead, participants or their guardians were informed about
the study via an opt-out notice posted on our hospital website and displayed within the
hospital. Data were securely stored in an encrypted hospital database, accessible only to
authorized researchers.

2.2. Study Design, Setting, and Participants

This single-center, retrospective cohort study included 598 hips from 577 patients
aged ≥65 years who underwent intramedullary nail fixation for trochanteric femoral
fractures at our institution between January 2012 and December 2023 (Figure 1). The
primary objectives were to (i) determine the incidence of anterior redisplacement,
(ii) identify preoperative and postoperative risk factors, and (iii) clarify its association with
implant failure.

 

Figure 1. Flow diagram of patient selection.

The exclusion criteria were as follows: (1) pathological fractures, (2) lack of postoper-
ative oblique-lateral radiographs, and (3) loss to follow-up before the first postoperative
radiograph was taken. After exclusion, 598 hips of 577 patients constituted the final study
cohort. Twenty-one patients sustained metachronous contralateral fractures, i.e., the second
hip fracture occurred at a different time and required a separate admission. Each patient
contributed two hips, which were analyzed as independent observations because the study
focused on hip-specific factors. To analyze anterior redisplacement, we stratified the data
by postoperative reduction subtype. As anterior redisplacement was defined as a shift from
a posterior or anatomical to an anterior position, hips that were already in an anterior posi-
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tion postoperatively were not eligible for this analysis. In accordance with our institution’s
protocol, patients were transferred to a rehabilitation facility approximately 2 weeks after
surgery, returned for clinical and radiographic assessment at 3 months postoperatively, and
were followed-up at 6 and 12 months.

2.3. Surgical Technique

All procedures were performed with the patient in the supine position on a trac-
tion table under C-arm fluoroscopic guidance. When closed reduction proved difficult,
a small lateral incision was made to allow open the reduction of the fracture fragments.
Then, an antegrade cephalomedullary nail was inserted through a small proximal win-
dow at the apex of the greater trochanter. Detailed implant information is provided in
Supplementary Table S1.

2.4. Radiographic Classification

Standard anteroposterior and oblique-lateral radiographs of the hip were obtained
before surgery, immediately after surgery, at 1 week after surgery, and at routine follow-up
visits as determined by the treating physician.

Sagittal reduction on the oblique-lateral radiographic view was classified into
three subtypes (Figure 2):

 
Figure 2. Schematic of the sagittal reduction subtypes on oblique-lateral radiographs.

Posterior—the distal fragment lies posterior to the proximal fragment;
Anatomical—the cortices of the two fragments are co-linear;
Anterior—the anterior cortex of the distal fragment lies anterior to the anterior cortex

of the proximal fragment.

2.5. Outcomes

The primary outcome was anterior redisplacement, defined as the postoperative
migration of a distal fracture segment that had been reduced in an anatomical or posterior
position to an anterior position on any follow-up radiograph. The secondary outcome was
lag-screw cutout; however, no cutout events occurred during follow-up. Therefore, this
endpoint is described but not formally analyzed.

2.6. Covariates

The following potential confounders were extracted from the medical records
and radiographs: age, sex, comorbidities, Arbeitsgemeinschaft für Osteosynthesefra-
gen/Orthopaedic Trauma Association (AO/OTA) classification (31A1/A2/A3) [16],
Evans–Jensen classification (I–V) [17], nail length (short, <230 mm; middle, 230–260 mm;
and long >260 mm), canal-filling ratio (defined as the ratio of the nail diameter to the
canal diameter measured on both anteroposterior and oblique-lateral radiographs—at 1 cm
proximal to the nail tip for short nails and at the narrowest point of the canal for middle
and long nails), and the preoperative sagittal subtype described above.
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2.7. Statistical Analysis

Continuous variables were tested for normality using the Shapiro–Wilk test. Continu-
ous variables are presented as mean ± standard deviation and were compared through
Student’s t-test or Welch’s t-test, depending on the equality of variances. Categorical
variables, which were compared by Fisher’s exact test, are reported as counts with percent-
ages. Variables associated with anterior redisplacement in the univariate analysis (p < 0.05)
were simultaneously entered into a multivariate logistic regression model. The results are
expressed as odds ratios (ORs) with 95% confidence intervals (CIs). Model calibration was
assessed using the Hosmer–Lemeshow goodness-of-fit test. A two-sided p-value < 0.05
was considered significant. All analyses were performed using EZR (Easy R) version 2.73
(Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical
user interface for R (The R Foundation for Statistical Computing, Vienna, Austria).

3. Results

3.1. Patient Demographics

During the study period, a total of 598 hips (mean age, 85.6 ± 7.6 years; 444 women
and 154 men) underwent intramedullary nail fixation for trochanteric femoral fractures.
Baseline comorbidities included cardiovascular disease in 197 hips, renal disease in 96,
pulmonary disease in 65, cerebrovascular disease in 123, and dementia in 151 (Table 1).

Table 1. Baseline characteristics of the study population (n = 598).

Variable

Number of cases 598
Sex (female/male) 444/154
Age, years (mean ± SD) 85.8 ± 7.5
Comorbidities

Cardiovascular disease 197
Renal disease 96
Pulmonary disease 65
Cerebrovascular disease 123
Dementia 151

AO/OTA classification
A1 259
A2 268
A3 71

Evans–Jensen classification
I 23
II 58
III 217
IV 13
V 287

Nail length
Short (<230 mm) 435
Middle (230 to <260 mm) 98
Long (>260 mm) 65

Preoperative subtype
Posterior 109
Anatomical 151
Anterior 338

Filling ratio (mean ± SD)
Anteroposterior view 0.80 ± 0.10
Oblique-lateral view 0.70 ± 0.10

Abbreviations: SD, standard deviation; AO/OTA, Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic
Trauma Association.
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Various cephalomedullary nails were used, such as InterTAN® (n = 302; Smith & Nephew,
Memphis, TN, USA), IPT® (n = 112; HOMS, Tokyo, Japan), PFNA® (n = 109; DePuy Synthes,
Zuchwil, Switzerland), and others. Details of all implant types and manufacturers are
provided in Table S1.

The subtypes of the preoperative sagittal alignment were posterior in 109 hips (18.2%),
anatomical in 151 (25.2%), and anterior in 338 (56.5%).

3.2. Incidence of Anterior Redisplacement

Among all 598 fractures, 204 (34.1%), 339 (56.7%), and 55 (9.1%) were reduced to posterior,
anatomical, and anterior positions, respectively, on the postoperative radiograph. Given that
fractures that had already reduced anteriorly could not translate further anteriorly, these
55 hips were excluded, leaving 543 evaluable hips for the redisplacement analysis.

Among the 543 hips analyzed, posterior reduction was achieved significantly more often
in female patients, in fractures classified as more complex by the AO and Evans–Jensen
systems, and in cases treated with middle or long intramedullary nails (Table 2).

Table 2. Characteristics of patients showing posterior or anatomical reductions in postoperative
radiograph.

Variable
All

(n = 543)
Posterior
(n = 204)

Anatomical
(n = 339)

p-Value

Sex 0.02
Female 411 166 245
Male 132 38 94

Age, years (mean ± SD) 85.8 ± 7.6 86.2 ± 7.6 85.5 ± 7.6 0.29
Comorbidities

Cardiovascular disease 181 69 112 0.85
Renal disease 85 33 52 0.81
Pulmonary disease 62 25 37 0.68
Cerebrovascular disease 113 45 68 0.59
Dementia 141 49 92 0.48

AO/OTA classification 0.02
A1 231 71 160
A2 249 105 144
A3 63 28 35

Evans–Jensen classification 0.001
I 23 2 21
II 54 14 40
III 185 65 120
IV 12 5 7
V 269 118 151

Nail length 0.001
Short (<230 mm) 390 130 260
Middle (230 to <260 mm) 93 50 43
Long (>260 mm) 60 24 36

Filling ratio (mean ± SD)
Anteroposterior view 0.80 ± 0.10 0.80 ± 0.10 0.81 ± 0.10 0.46
Oblique-lateral view 0.70 ± 0.10 0.71 ± 0.10 0.70 ± 0.10 0.09

Abbreviations: SD, standard deviation; AO/OTA, Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic
Trauma Association. Patient characteristics stratified by postoperative sagittal reduction. Posterior reduction
was more commonly observed in female patients, who are presumed to have more osteoporotic bone, and in
those with more complex fracture types based on the AO/OTA and Evans–Jensen classifications. Additionally,
longer nails (middle or long) were more frequently used in the posterior group, which may reflect the surgeon’s
intraoperative assessment of greater mechanical instability.
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Overall, anterior redisplacement occurred in 73 of 543 (13.4%) hips. No significant asso-
ciations were found between anterior redisplacement and age, sex, AO/OTA, Evans–Jensen
classification, nail length, or filling ratio (all p > 0.05; Table 3).

Table 3. Characteristics of patients with anterior redisplacement after surgery.

Variable
All

(n = 543)

Anterior
Redisplacement

(n = 73)

No
Redisplacement

(n = 470)
p-Value

Sex 0.77
Female 411 54 357
Male 132 19 113

Age, years (mean ± SD) 85.8 ± 7.6 85.4 ± 7.6 85.8 ± 7.6 0.68
Comorbidities

Cardiovascular disease 181 19 162 0.18
Renal disease 85 13 72 0.60
Pulmonary disease 62 8 54 1.0
Cerebrovascular disease 113 16 97 0.76
Dementia 141 17 124 0.67

AO/OTA classification 1.00
A1 231 31 200
A2 249 34 215
A3 63 8 55

Evans–Jensen classification 0.26
I 23 1 22
II 54 5 49
III 185 22 163
IV 12 3 9
V 269 42 227

Evans–Jensen classification 0.12
I + II 77 6 71
III − V 469 67 399

Nail length 0.74
Short (<230 mm) 390 55 335
Middle (230 to < 260 mm) 93 10 83
Long (>260 mm) 60 8 52

Filling ratio (mean ± SD)
Anteroposterior view 0.80 ± 0.10 0.80 ± 0.10 0.81 ± 0.09 0.67
Oblique-lateral view 0.70 ± 0.10 0.70 ± 0.10 0.69 ± 0.09 0.39

Abbreviations: SD, standard deviation; AO/OTA, Arbeitsgemeinschaft für Osteosynthesefragen/Orthopaedic
Trauma Association. No significant associations were observed for age, comorbidities, fracture classification, or
implant characteristics (all p > 0.05).

Preoperative sagittal alignment influenced the risk of redisplacement (Figure 3, Ta-
ble 4). The incidence rates were 6.2% (6/97), 8.5% (12/141), and 18.0% (55/305) in patients
with preoperative posterior, anatomical, and anterior subtypes, respectively (overall, p =
0.0016; pairwise p < 0.01 for posterior vs. anterior and anatomical vs. anterior).

Table 4. Incidence of anterior redisplacement according to the preoperative alignment subtype.

Preoperative
Subtype

Anterior
Translation (+)

Anterior
Translation (−)

Total
Incidence
(%)

p-Value

Posterior 6 91 97 6.2% -
Anatomical 12 129 141 8.5% -
Anterior 55 250 305 18.0% 0.0016
Total 73 470 543 13.4%

The incidence of anterior redisplacement varied significantly by preoperative sagittal alignment, occurring in
6.2%, 8.5%, and 18.0% of hips with posterior, anatomical, and anterior subtypes, respectively (overall p = 0.0005;
pairwise p < 0.01 for posterior vs. anterior and anatomical vs. anterior).
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Figure 3. Incidence of anterior redisplacement according to the preoperative alignment subtype.

Postoperative sagittal reduction showed a strong association with anterior redisplace-
ment (Figure 4, Table 5). Anterior redisplacement was significantly more frequent in anatomi-
cal reduction than in posteriorly reduced hips (19.5% [66/339] vs. 3.4% [7/204]; p < 0.0001).

Figure 4. Incidence of anterior redisplacement according to the postoperative reduction subtype.
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Table 5. Incidence of anterior redisplacement according to the postoperative reduction subtype.

Preoperative
Subtype

Anterior
Translation (+)

Anterior
Translation (−)

Total
Incidence
(%)

p-Value

Posterior 7 197 204 3.4% <0.0001
Anatomical 66 273 339 19.5% -
Total 73 470 543 13.4%

The white portions of the bars represent cases with anterior redisplacement, whereas
the black portions represent cases without redisplacement. The percentage above each
bar indicates the incidence of redisplacement in that group—6.2%, 8.5%, and 18.0% in
the posteriorly, anatomically, and anteriorly aligned groups, respectively. The overall
comparison across subtypes was significant (* p = 0.0016, Fisher’s exact test). The total
number of cases n = 543.

Incidence of anterior redisplacement according to the postoperative reduction subtype.
The anatomically reduced group exhibited a significantly higher incidence of redisplace-
ment (19.5%) than the posteriorly reduced group (3.4%) (p < 0.0001).

The incidence was significantly higher in the anatomically reduced group (19.5%) than
in the posteriorly reduced group (3.4%). Cases with the postoperative anterior subtype
(n = 55) were excluded from this analysis.

3.3. Multivariate Analysis

Multivariate logistic regression identified two independent risk factors for anterior re-
displacement (Table 6), namely, preoperative anterior position (vs. non-anterior) with an OR
of 1.87 (95% CI: 1.24–2.81, p = 0.003) and postoperative anatomical reduction (vs. posterior)
with an OR 6.49 (95% CI: 2.92–14.44, p < 0.001). The model showed acceptable calibration
(Hosmer–Lemeshow, χ2 = 7.265, p = 0.123), with a Nagelkerke R2 of 0.134, and correctly
classified 86.5% of the cases.

Table 6. Multivariate logistic regression analysis of the risk factors for anterior redisplacement.

Variable OR (95% CI) p-Value

Preoperative anterior
position (vs. non-anterior) 1.87 (1.24–2.81) 0.003

Postoperative anatomical
reduction (vs. posterior) 6.49 (2.92–14.44) <0.0001

Abbreviations: OR, odds ratio; CI, confidence interval.

These results indicate that an anteriorly displaced fracture pattern before surgery and
an anatomical (rather than posterior) sagittal reduction following intramedullary nailing
markedly increase the risk of anterior redisplacement during follow-up.

Reference categories: preoperative position = non-anterior (anatomical/posterior);
postoperative reduction = posterior reduction.

In the multivariate logistic regression (Table 6), both preoperative anterior position
and postoperative anatomical reduction were independent predictors of anterior redisplace-
ment. Specifically, a preoperative anterior position was associated with a 1.87-fold increase
in the odds of redisplacement (OR 1.87, 95% CI 1.24–2.81; p = 0.003), and anatomical post-
operative reduction conferred a 6.49-fold higher OR than posterior reduction (OR 6.49,
95% CI 2.92–14.44; p < 0.001).
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4. Discussion

4.1. Principal Findings

In this large, single-center cohort of 598 hips from older patients who underwent
intramedullary nailing for the treatment of trochanteric femoral fractures, anterior redis-
placement occurred in 13.4% of the 543 hips that had been reduced in either an anatomical
or the posterior position. Multivariate analysis identified two independent and clinically
actionable risk factors—a preoperative anterior fracture alignment almost doubled the odds
of redisplacement (OR: 1.87), and a postoperative anatomical reduction increased the odds
more than sixfold compared with posterior reduction (OR: 6.49) (Table 6). Neither fracture
morphology (AO/OTA and Evans–Jensen classification) nor implant-related variables (nail
length and filling ratio) were associated with redisplacement (Table 3). Taken together, these
findings indicate that sagittal alignment—particularly the surgeon-controlled achievement
of a slight posterior reduction—outweighs implant choice and fracture complexity as the
dominant, modifiable determinant of postoperative stability.

Compared with hips reduced to an anatomical position, posterior reduction on post-
operative radiographs was more frequently observed in female patients, in those with
more complex fracture patterns, and in those treated using middle or long nails (Table 2).
These patterns largely reflect the surgeon’s preference; posterior alignment was deliberately
selected for female patients with osteoporosis and those with unstable fractures. This
selection bias may have influenced the final outcomes because posterior reduction was
more likely achieved in cases where postoperative redisplacement was already of concern.

4.2. Pathophysiological Interpretation

Postoperative anterior redisplacement occurs when the distal shaft fragment does
not lie posterior to the head–neck fragment, leaving the anteromedial cortex unsupported.
Under axial loading, this produces a sagittal-swing moment that drives the proximal
fragment further into flexion. Once the lag-screw telescopes, secondary sliding amplifies the
displacement and shortens the neck [13,18,19]. In contrast, placing the head–neck fragment
slightly posterior (≤1 cortical thickness) to the shaft establishes an anteromedial buttress
that converts shear into compression and allows the sharing of loads between the bone and
the nail. Biomechanical tests have shown that compared with an intramedullary (anterior)
reduction, this “extramedullary” or “positive medial cortical support” configuration halves
telescoping and reduces nail migration [20,21]. In the present cohort, such posterior over-
reduction lowered the odds of redisplacement sixfold (OR: 6.49).

To our knowledge, this study is the first to investigate the relationship between
preoperative displacement and the postoperative loss of reduction. Patients presenting
with anterior shift of the distal segment preoperatively were more likely to experience
postoperative redisplacement, even when anatomical or posterior reduction was achieved
(Tables 4 and S2). This finding may suggest an inherent instability in fracture patterns that
initially present with anterior displacement.

4.3. Comparison with Previous Studies

Most studies have focused on coronal alignment and the tip–apex distance, with rela-
tively few large-scale analyses of sagittal reduction and postoperative redisplacement [7,22].
Biomechanical and small clinical reports have shown that anterior malreduction increases
the risk of lag-screw cutout and implant sliding, whereas positive medial cortical support
limits impaction and pain [13,19,20]. Although no cutout events occurred in the study
cohort and functional outcomes were not assessed systematically, these data collectively
suggest that avoiding anterior redisplacement remains a prudent surgical objective.
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More recent series have identified dynamic risk factors for redisplacement—comminution
at the greater trochanter and low lateral canal-filling ratio [23]; however, in our cohort,
the filling ratio was not predictive, and Evans–Jensen type III–V fractures did not exhibit
greater instability (Table 3). This highlights the primacy of anteromedial buttress over
fracture morphology. However, posterior reduction was more often applied in cases with
presumed greater instability, which may have influenced these results (Table 2).

Several recent studies have employed three-dimensional computed tomography to charac-
terize sagittal fragment alignment and cortical buttress formation more precisely [14,23,24], an
approach not employed in the present radiograph-based analysis.

By modeling both preoperative and postoperative sagittal alignment within a single
logistic framework in the largest uniform radiograph-based cohort to date (n = 598), this
study clarified their independent and additive contributions to postoperative stability. This
study extends this literature in three ways, by (i) evaluating dynamic redisplacement rather
than static malreduction, capturing fractures that were acceptable intraoperatively but
destabilized during early loading; (ii) modeling preoperative and postoperative alignment
within the same logistic framework, clarifying their independent and additive contribu-
tions to instability; and (iii) analyzing the largest single-institution cohort to date (n = 598)
with uniform imaging and follow-up, thereby narrowing the CIs around the effect esti-
mates. Importantly, the fact that Evans–Jensen type III–V fractures did not exhibit higher
redisplacement rates (Table 3) underscores the critical importance of support at the thick
anteromedial cortex, irrespective of posterior comminution.

4.4. Clinical Implications: Why a Deliberate Posterior Reduction Deserves Routine Consideration

The present findings, together with converging biomechanical and clinical evi-
dence [7,18,19,25], challenge the traditional goal of an anatomically flush sagittal cortex and
support a controlled posterior offset, defined as leaving the head–neck fragment ≤1 cortical
thickness posterior to the shaft. Leaving the head–neck fragment slightly posterior to the
shaft (i) transforms shear into compressive loading across the buttress, (ii) limits tele-
scoping to <2 mm, thus preventing the 5–10 mm of uncontrolled shortening often seen
after “anatomical” reductions, and (iii) mitigates varus drift and lag-screw cutout risk.
Importantly, this target position is easy to visualize intraoperatively; a 30◦ oblique-lateral
radiographic view should show the distal anteromedial cortex overlapping the proximal
spike [26]. When closed manipulation yields a flush or anterior cortex, surgeons should
favor a deliberate posterior over-reduction—achievable with a small anteriorly directed
elevator—rather than additional traction or nail exchange. Incorporating an item such as
“anteromedial cortical buttress achieved (yes/no)” into intraoperative checklists, along-
side the tip–apex distance and neck–shaft angle, may facilitate the consistent adoption of
this technique.

Although implant failure was rare in our cohort, anterior redisplacement has been
linked in previous studies to increased hip pain, delayed weight-bearing, and a higher risk
of lag-screw cut-out [7,14,19]. Because posterior reduction is a simple, low-cost maneuver
that can be adopted intraoperatively, minimizing redisplacement may still yield meaningful
patient benefits even when catastrophic failures are uncommon.

4.5. Strengths and Limitations

The strengths are related to the study being the largest single-center series to date, the
use of uniform surgical techniques, blinded radiographic adjudication, and multivariable
modeling that separates preoperative and postoperative alignment.

Limitations are intrinsic to the study design, and include the following:
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1. Single-institution, retrospective cohort—practice patterns may differ elsewhere; selec-
tion and information bias cannot be fully excluded;

2. Follow-up heterogeneity—although 92% of patients had ≥3 months of imaging data,
late attrition may underestimate very delayed redisplacement;

3. Unmeasured confounders—bone density, surgeon experience, and rehabilitation
protocols were not captured; each could influence stability.
These caveats tamper the generalizability of our numeric risk estimates, but not the
biomechanical principle that the anteromedial buttress matters;

4. Clinical outcomes—functional or symptomatic endpoints—including walking capac-
ity, pain, and quality-of-life scores—were not systematically captured in this retro-
spective cohort. Although lag-screw cut-out was predefined as a secondary endpoint,
no such failures were observed, and postoperative lag-screw telescoping was not
quantified. Prospective studies that collect patient-reported outcome measures and
correlate them with the degree of anterior redisplacement are therefore warranted.

4.6. Future Directions

Prospective, multicenter trials should examine deliberate posterior-biased reduction
versus anatomical reduction with standardized implants, rehabilitation, and
longer (>12 months) follow-up. Embedding intraoperative motion analysis—for example,
optical tracking of fragment drift between reduction and wound closure—could identify
micro-instability invisible on two-dimensional fluoroscopy. Finally, finite-element and
cadaver models integrating patient-specific bone density may clarify how much posterior
offset is optimal for different fracture patterns.

5. Conclusions

Preoperative anterior fracture alignment and postoperative anatomical reduction are
independent, clinically significant risk factors for anterior redisplacement following in-
tramedullary nailing of trochanteric femoral fractures in older patients. Achieving—or
deliberately leaving—a slight posterior reduction offers a simple, readily modifiable strat-
egy to mitigate this complication, and may translate into better functional outcomes and
fewer implant failures.
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