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Abstract

Background/Objectives: Hip hemiarthroplasty (HHA) for femoral neck fractures (FNFs)
can be performed via the posterolateral approach (PLA), straight lateral approach (SLA)
or direct anterior approach (DAA). However, the optimal approach remains unclear. This
study evaluated mortality and return-to-home rates following an institutional transition
from SLA to DAA. Methods: This retrospective observational cohort study included pa-
tients who underwent primary cemented unipolar hip hemiarthroplasty for FNF during
a period of transition in surgical approach (2015-2023). Clinical outcomes between the
straight lateral and direct anterior approach were compared. Primary outcomes were the
mortality and return-to-home rates. Secondary outcomes included perioperative parame-
ters and complications. A subgroup analysis was performed using Fracture Mobility Score
(FMS) and Katz activities of daily living (ADL) index to compare functional outcomes.
Results: Over a 9-year period, a total of 762 HHA were performed, of which 411 SLA and
333 DAA. Mortality at 90 days (14.1% vs. 8.7%, p = 0.029) and 1 year (26.5% vs. 17.7%,
p = 0.005) were significantly higher in the SLA group. Among patients living at home
preoperatively, return-to-home after surgery was lower for SLA compared to DAA (23.2%
vs. 41.4%, p < 0.001). In terms of complications, SLA had significantly lower rates of
periprosthetic joint infections (SLA n = 6 (1.5%) vs. DAA n =15 (4.6%), p = 0.024). The
decline in Katz ADL score at three months was significantly greater in the SLA group than
in the DAA group (AKatz ADL —0.73 £ 1.57 vs. —0.11 & 1.60, p = 0.036). Conclusions:
Transitioning from SLA to DAA in HHA was associated with improved preservation of
independent living, higher return-to-home rates and lower 90-day and 1-year mortality.
However, DAA was also associated with higher rates of PJI.

Keywords: femoral neck fractures; hemiarthroplasty; arthroplasty; replacement; hip; activities
of daily living; postoperative complications; mortality

1. Introduction

Hip hemiarthroplasty (HHA) is widely used in the surgical management of femoral
neck fractures (FNFs) [1]. FNFs are frequent among elderly, primarily due to falls, and
are associated with substantial morbidity and mortality, with a reported 1-year mortality
of 22-33% following surgery [2,3]. When left untreated, 30-day mortality of 31-36% is
reported [4,5]. This places a heavy burden on healthcare systems worldwide [6,7].
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Multiple surgical approaches can be used to perform HHA, including the posterolat-
eral approach (PLA), straight lateral approach (SLA), and direct anterior approach (DAA).
Currently, the SLA and PLA are the most used worldwide [8].

However, over the past two decades the DAA has gained popularity [9,10]. This rising
popularity of the DAA for HHA has also been observed in the Netherlands. Although the
PLA and SLA still account for the majority of HHA procedures, together representing over
75% of cases, a clear national shift in surgical approach has emerged. Data from the Dutch
Arthroplasty Register (LROI) show that the use of the DAA in HHA increased from 6.6% in
2018 to 15.5% in 2024. This growth occurred mainly at the expense of the PLA. PLA use
declined steadily from 51% in 2014 to 40.7% in 2023. The use of approaches besides DAA
and PLA remained relatively stable over this period [11].

The rise in popularity of the DAA could be attributed to the growing body of evidence
highlighting its potential clinical advantages. DAA is associated with less postoperative
pain, reduced operation time, shorter length of stay, and smaller haemoglobin drop after
surgery when compared to SLA. Furthermore, a trend towards fewer complications when
a transition was made from SLA to the DAA is seen [12-17]. As a result, elderly patients
are expected to have higher discharge-to-home rates and reduced reliance on walking aids
during the early postoperative period [12,16,18]. The expected functional improvements
have already been observed in some studies that demonstrated earlier postoperative
mobilisation and superior activities of daily living (ADL) at one day postoperatively
following DAA [12,19-22]. Such potential benefits could be especially important in patients
suffering from a FNF, who are often frail and burdened by multiple comorbidities.

Evidence regarding differences in mortality between surgical approaches in HHAs
remains limited. Several factors likely contribute to the limited exploration of this topic to
date. First of all, DAA has historically been more widely adopted in elective arthroplasty
than in emergency fracture surgery [11,13]. Its use in HHA has only increased over the last
decade. As a result, comparative mortality data in patients with femoral neck fractures
remains scarce [20]. Furthermore, assessing mortality differences is methodologically
challenging, as survival in this population is heavily influenced by factors such as frailty and
comorbidities [2,3]. These factors may obscure the independent effect of surgical technique.
Nevertheless, the literature comparing approaches in total hip arthroplasty (THA) suggests
that the DAA may be associated with reduced 1-year mortality and improved functional
outcomes compared with PLA [23-25]. However, this association has not yet been observed
when compared to the SLA [15,26].

Based on the potential benefits, our level 2 trauma centre decided to transition from
SLA to DAA in HHA for FENFs. This study primarily aims to evaluate the mortality and
return-to-home rates resulting from this transition. Secondary, differences in clinical and
functional outcomes are evaluated.

2. Materials and Methods

This retrospective observational cohort study within a level 2 trauma centre was
approved by the institutional review board (nr. ME-14). All patients who underwent
HHA within the transition period were screened for eligibility using an institutional
hip fracture database. The transition period covered the period from 1 January 2015 to
31 December 2023. During this period the use of the straight lateral approach steadily
decreased, while the use of the direct anterior approach increased, resulting in a near-
complete shift to the direct anterior approach. All HHAs during this time period were
performed by eight experienced board-certified trauma surgeons with at least 10 years of
experience in hip fracture management. Patients were included if they underwent primary
cemented unipolar HHA (Original Muller Stem, Zimmer Biomet) for an intracapsular
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femoral neck fracture. Patients were excluded if they had a history of any type of ipsilateral
hip surgery or if an approach other than SLA or DAA was performed.

2.1. Straight Lateral Approach

The SLA was conducted with the patient positioned in a lateral decubitus position. A
skin incision was made directly over the greater trochanter, after which the tensor fascia
lata (TFL) was opened longitudinally. The aponeurotic attachments of the gluteus medius
and minimus muscles were released at the anterior third of their trochanteric insertion
point. A T-shaped incision was then made in the anterior capsule to access the hip joint.
Following placement of the prosthetic components and hip reduction, both the anterior
capsule and the gluteal muscle attachments were repaired using sutures.

2.2. Direct Anterior Approach

The DAA was performed with the patient in a supine position. An oblique incision
was created along the trajectory of the TFL muscle. Following the initial incision, the
TFL fascial layer was opened in a longitudinal direction, with subsequent blunt dissection
carried out in the interval between the TFL and sartorius muscle. Lateral circumflex femoral
artery branches were located and cauterised. The anterior hip capsule was then visualised
and partially excised. Following femoral neck osteotomy and head extraction, the femoral
and superior capsular portions were released, with the additional release of the conjoined
tendon at the greater trochanteric saddle to enable appropriate elevation and exposure of
the proximal femoral shaft. For optimal visualisation of the femoral canal, the operative
limb was positioned in adduction and external rotation beneath the opposite leg in a
figure-4 configuration, with bilateral hip hyperextension achieved through table flexion.

2.3. Outcomes

Baseline characteristics of included patients were extracted from the electronic patient
files using a chart review. Characteristics included age, sex, pre-injury residential location
(home or long-term care facility), body mass index (BMI, in kg/m?), and American So-
ciety of Anaesthesiologists (ASA) physical status classification, as well as any history of
co-morbidities at admission, such as chronic obstructive pulmonary disease (COPD), de-
mentia (including Alzheimer’s disease, vascular dementia, or previous reported cognitive
deterioration), and osteoporosis.

The primary outcomes of this study were mortality and the return-to-home (RtH) rates.
Mortality was determined during admission, at 30 days, 90 days and 1 year post-surgery.
RtH was defined as returning to a residential location with no characteristic of long-term
care facilities at the moment of discharge. Perioperative and postoperative care pathways
with a centralised transfer department for patient flow and inter-institutional coordination
remained consistent throughout the study period. Post-discharge timing of RtH was not
systematically recorded, as such follow-up fell outside the scope of routine hospital care
documentation using the national standardised Dutch Hip Fracture Audit Questionnaire.

Secondary outcomes included duration of surgery (DoS), length of stay after surgery
(LoS), duration of admission (days), blood loss (mL), haemoglobin (Hb) drop, and HHA-
related complications. Complications were systematically categorised as periprosthetic joint
infections (PJI), revision surgery, periprosthetic fractures, prosthetic hip joint dislocations,
and conversion arthroplasty.

PJI were diagnosed according to the 2021 European Bone and Joint Infection Society
(EBJIS) criteria [27]. Revision surgery was defined as any surgical procedure requiring
reopening of the original surgical incision with either retention or exchange of the hemi-
arthroplasty components. This included debridement, antibiotics, and implant retention
(DAIR) procedures as well as periprosthetic fracture fixation. Conversion arthroplasty was
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defined as replacement of the HHA with a THA and was considered a distinct category
separate from revision surgery.

The subgroup analysis represented the subset of patients for whom complete func-
tional data were available. Predefined subgroup analyses were conducted in patients
with Fracture Mobility Score (FMS) and Katz activities of daily living (Katz ADL) data to
evaluate functional outcomes according to surgical approach.

The FMS was a validated 5-point scale evaluating mobility (1 = fully independent,
5 = completely immobile), used to assess pre-injury and 3-month postoperative functional
status [28]. FMS at admission was scored by an emergency department nurse or geriatrician,
while 3-month follow-up scores were assessed by the orthopaedic trauma surgeon or
advanced practice nurse.

The Katz ADL evaluated independence in six basic self-care tasks (bathing, dressing,
toileting, transferring, continence, feeding), scored as 0 (dependent) or 1 (independent) [29,30].
Katz ADL was used to assess preoperative functional status and 3-month postoperative
functional status. Preoperative scores were obtained from admission records and the first
geriatric assessment, while postoperative scores were obtained during follow-up by the
orthopaedic trauma surgeon or advanced practice nurse.

2.4. Statistical Analysis

Categorical variables were presented as absolute numbers and percentages. Continu-
ous variables were presented as mean and standard deviation. Survival analysis will be
performed using Kaplan-Meier curves for visual inspection and group differences in sur-
vival probability will be assessed using log-rank test. For normally distributed data, group
comparisons and subgroup comparisons were performed using independent samples ¢-
test. For non-normally distributed data, the Mann-Whitney U test was used. Categorical
variables were compared using the Chi-square test or Fisher’s exact test, as appropriate.
For all tests, significance was set at a two-tailed p < 0.05. Statistics were performed in IBM
SPSS Statistics, Version 29.0 (IBM Corp., Armonk, NY, USA, Released 2022).

2.5. Post Hoc Sensitivitiy Analysis

To evaluate the robustness of our findings and assess potential temporal trends related
to learning curve effects or gradual change in perioperative management, a post hoc sensi-
tivity analysis was performed. Outcomes were compared between the first 100 consecutive
DAA cases and the last 100 consecutive DAA cases during the study period. In-hospital
mortality, 30-day mortality, 90-day mortality, 1-year mortality, return-to-home discharge
rates, and periprosthetic joint infection (P]I) rates were compared using Fisher’s exact
test. To control for type I error inflation from multiple comparisons, a Holm—Bonferroni
sequential correction was applied.

3. Results

A total of 744 patients were included in this study, 333 treated via the direct anterior
approach (DAA) and 411 via the standard lateral approach (SLA) (Figure 1). Over time, the
use of the SLA gradually declined while the use of the DAA increased correspondingly,
resulting in a clear crossover trend when plotted over time (Figure 2).
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Figure 1. Flowchart of patient inclusion with subgroup selection.
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Figure 2. The course of the number of surgical approaches performed per year.

Baseline characteristics differed between groups on dementia (SLA; 1 = 96 (23.4%) vs.
DAA; n =55 (16.6%), p = 0.028) and living at home prior to admission (SLA; n = 267 (65%)
vs. DAA; n =257 (77.2%), p < 0.001). Age, gender, BMI, ASA-grade, and incidence of the
co-morbidities like COPD, diabetes type I or II, and osteoporosis were comparable between
groups (Table 1).
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Table 1. Demographic data.
Characteristics SLA DAA p-Value
Number of HHASs 411 333 -
Age ? (years) 82.2 £7.62 81.9 £7.40 0.669 ©
Gender, Female P 283 (68.9%) 217 (65.2%) 0.308 4
BMI ? (kg/m?) 24.7 + 4.02 24.7 + 3.53 0.993 ¢
ASA grade?
e ASAI 8 (2.0%) 5 (1.5%)
e ASATI 180 (44.6%) 135 (40.7%) 0.295¢
e ASAIII 198 (49.0%) 183 (55.1%)
e ASAIV 18 (4.5%) 9 (2.7%)
Co-morbidities
e COPDP 43 (10.5%) 40 (12.0%) 0.559 4
e Dementia P 96 (23.4%) 55 (16.6%) 0.028 4f
e DMI/IIP 88 (22.7%) 58 (17.4%) 0.082d
e Osteoporosis 116 (28.2%) 94 (28.2%) 1.004
Living at home prior to admission 267 (65.0%) 257 (77.2%) <0.001 ¢

SLA, straight lateral approach; DAA, direct anterior approach; HHAs, hip hemiarthroplasties; BMI, body mass
index; ASA, American Society of Anesthesiologist;COPD, Chronic obstructive pulmonary disease; DM 1/1I,
diabetes mellitus—type I and II. 2 Data are given as mean and standard deviation. ® Data expressed as frequency
1 (%). ¢ Independent t-test. 4 Fisher’s exact test. ¢ Chi-square test. f Statistically significant difference.

3.1. Primary Outcomes

Visual inspection of the Kaplan-Meier curve suggests a higher probability of survival
up to 1 -year for the DAA (Figure 3). A log-rank test compared survival distribution
between SLA and DAA and revealed a significant difference in survival in favour of the
DAA after 1 year (X? = 8.551, p = 0.003). No significant differences were observed between
SLA and DAA during admission (SLA n = 18 (4.4%) vs. DAA n =6 (1.8%), p = 0.060) or at
30 days postoperatively (SLA n = 37 (9.0%) vs. DAA n =19 (5.7%), p = 0.095.). However,
90-day postoperatively mortality (SLA n = 58 (14.1%) vs. DAA n =29 (8.7%), p = 0.029) and
1-year mortality were significantly higher in the SLA group compared to the DAA group
(SLA n =109 (26.5%) vs. DAA n =59 (17.7%), p = 0.005) (Table 2).
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Figure 3. Kaplan-Meier curve illustrating one-year survival between different surgical approach.
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Table 2. Mortality and return-to-home rates.
SLA DAA Value
(n = 411) (n = 333) P
Mortality @

e During Admission 18 (4.4%) 6 (1.8%) 0.060 ©

e 30-day 37 (9.0%) 19 (5.7%) 0.095 ¢

e 90-day 58 (14.1%) 29 (8.7%) 0.029 d

e l-year 109 (26.5%) 59 (17.7%) 0.005 ¢4
Return-to-Home P 60 (23.2%) 104 (41.4%) <0.001 ¢4

SLA, straight lateral approach; DAA, direct anterior approach. ? Data expressed as frequency 7 (%). ® Patients
deceased during admission and not living independently at home prior to admission are excluded for analysis.
© Fisher’s exact test. ¢ Statistically significant difference.

For patients who lived at home preoperatively and did not decease during admission,
the return-to-home rate at discharge was significantly lower for SLA when compared with
DAA (SLA 60 (23.2%) vs. DAA 104 (41.4%, p < 0.001)) (Table 2) (Figure 4).

100%
90%

80%
p<0.05

70%

60%
50%
40%
30%
20%
10%

0%

SLA DAA

Figure 4. Return-to-home rates for straight lateral approach (SLA) and direct anterior approach
(DAA). Error bars represent standard error.

3.2. Secondary Outcomes

When comparing the duration of surgery between groups, no significant difference was
observed (SLA 68.6 &= 16.9 min vs. DAA 69.5 &+ 14.5 min, p = 0.445). The length of stay after
surgery was comparable between SLA and DAA (5.80 £ 3.46 days vs. 5.58 &+ 4.09 days,
p = 0.440). Similarly, the total duration of stay demonstrated no significant difference
(7.65 + 3.86 days vs. 7.53 £ 4.35 days, p = 0.688). Blood loss (SLA 285.9 + 131.6 mL
vs. DAA 296.0 £ 138.8 mL, p = 0.344) and haemoglobin drops were comparable (SLA
—0.93 £ 0.70 mmol/L vs. DAA —0.91 £ 0.69 mmol/L, p = 0.651) (Table 3).

When comparing HHA-related complications, it appeared that the SLA group had
significantly lower rates of periprosthetic joint infections (SLA n = 6 (1.5%) vs. DAA n =15
(4.6%), p = 0.024). The rates of revision surgery (SLA n =9 (2.3%) vs. DAA n =16 (4.9%),
p = 0.067); periprosthetic fractures (SLA n = 2 (0.5%) vs. DAA n =2 (0.6%), p = 1.00); hip
joint dislocation (SLA n = 6 (1.5%) vs. DAA n =3 (0.9%), p = 0.521); and conversion surgery
to total hip arthroplasty (THA) were comparable (SLA n =1 (0.3%) vs. DAA n =2 (0.6%),
p = 0.594) (Table 3).
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Table 3. Perioperative outcomes and complication rates.
SLA DAA Value
(n = 411) (n = 333) P
Duration of surgery (minutes) ? 68.6 + 16.9 69.5 +14.5 0.4454
LOS after surgery (days) P 5.80 & 3.46 5.58 + 4.09 0.440 4
Duration of admission (days) P 7.65 £ 3.86 7.53 +4.35 0.688 d
286.5 + 131.0 295.4 +138.1
a d
Blood loss (mL) (n = 351) (n = 310) 0.398
. —0.93 +0.71 —0.93 +0.70
a d
Haemoglobin drop (mmol/L) (1 = 406) (n = 327) 0.967
Complications ©
e Conversion to THA 1 (0.2%) 2 (0.6%) 0.590 €
e Dislocation 7 (1.7%) 3(0.9%) 0.525 ¢
e Periprosthetic fracture 2 (0.5%) 2 (0.6%) 1.00 €
e PJI 6 (1.5%) 15 (4.5%) 0.024 &
e Any type of revision 9 (2.2%) 16 (4.8%) 0.064 €

SLA, straight lateral approach; DAA, direct anterior approach; LOS, length of stay; THA, total hip arthroplasty;
PJI, periprosthetic joint infection. ? Data are given as mean and standard deviation. ® Patients deceased during
admission are excluded for analysis. ¢ Data expressed as frequency # (%). ¢ Independent t-test. © Fisher’s exact
test. f Statistically significant difference.

3.3. Subgroup Analysis

For the subgroup analysis, 407 HHAs with complete mobility scores (SLA n = 166;
DAA n =241) and 280 HHAs with complete Katz ADL scores (SLA n = 66; DAA n =214)
were included. Demographic characteristics for the subgroup of patients with complete
preoperative and follow-up for the FMS and Katz scores were comparable for all baseline
characteristics (Table 4).

Table 4. Demographic of the subgroup analysis.

SLA

DAA

SLA

DAA

Characteristics FMS FMS p-Value Katz ADL Katz ADL p-Value
Number of HHAs 166 241 - 66 214 -
Age ? (years) 8124715 81.4 4+ 7.40 0.833 ¢ 80.6 + 7.62 81.3 4+ 7.44 0.530 ©
Gender, Female P 110 (66.3%) 159 (66.0%) 1.00 4 46 (69.7%) 141 (65.9%) 0.654 4
BMI 2 (kg/m?2) 25.0 + 3.49 25.7 4+ 4.28 0.085 © 25.8 4 4.04 25.0 + 3.55 0.100 ©
ASA grade ®
o ASAI 3 (1.9%) 4 (1.7%) 0 (0.0%) 4 (1.9%)
o ASATI 74 (45.7%) 102 (42.3%) 0.320¢ 28 (42.4%) 91 (42.5%) 0.223 ¢
o ASAIII 78 (48.1%) 131 (54.4%) 34 (51.5%) 115 (53.7%)
o ASAIV 7 (4.3%) 4 (1.7%) 4 (6.1%) 4 (1.9%)
Co-morbidities
e COPDP 18 (10.9%) 23 (9.5%) 0.738 4 6 (9.1%) 21 (9.8%) 1.00 4
e Dementia P 17 (10.2%) 26 (10.8%) 1.00 d 7 (10.6%) 22 (10.3%) 1.00 4
e DMI/IIP 40 (24.1%) 42 (17.4%) 0.104 ¢ 12 (18.2%) 34 (15.9%) 0.705 4
e Osteoporosis 37 (22.3%) 70 (29.0%) 0.138 4 13 (19.7%) 60 (28.0%) 0.202 4
Living athome prior 30 g1 g0y 202 (83.8%) 0.687 4 58 (87.9%) 182 (85.0%) 0.689 4

to admission

SLA, straight lateral approach; DAA, direct anterior approach; FMS, Fracture Mobility Score; ADL, Activities of
daily living; HHAs, hip hemiarthroplasties; BMI, body mass index; ASA, American Society of Anesthesiologist;
COPD, Chronic obstructive pulmonary disease; DM I/1I, diabetes mellitus—type I and II. ? Data are given as
mean and standard deviation. P Data expressed as frequency 1 (%). ¢ Independent ¢-test. d Fisher’s exact test.
¢ Chi-square test.

Preoperative FMS did not significantly differ between groups (SLA 1.98 4= 1.18 vs.
DAA 1.85 + 1.07, p = 0.243). At 3 months postoperatively, FMSs were comparable between
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groups (SLA 2.57 £ 1.03 vs. DAA 2.40 £ 1.11, p = 0.106) with a similar decline in FMSs
(AFMS) between approaches (ASLA = 0.60 &= 1.06 vs. ADAA 0.54 £ 1.10, p = 0.822) (Figure 5)
(Table 5).

—e—SLA DAA —e—SLA DAA
3 6
2.5 1 5.5
- I
2 T c 5 +\ T
9 T 7
1.5 4.5 I
S 2 [
|
1 4
presurgery 3-months post-operative presurgery 3-months post-operative
(a) (b)
Figure 5. Pre-surgery and follow-up scores of (a) functional mobility scores (FMS) and (b) Katz
activities of daily living (Katz ADL). Error bars represent standard error.
Table 5. Subgroup analysis of functional mobility and ADL-independence.
Pre-Fracture Postoperative
Approach Score p-Value Score p-Value A-Score p-Value
FMS SLA 198 +1.18 b 2.57 +1.03 b 0.60 £+ 1.06 b
Mobility @ DAA 1854107 0243 240 +1.11 0.106 054+110 0822
SLA 5.26 & 1.63 453+ 1.84 —0.73 £ 1.57
b b b,
Katz ADL® paa 505+165 0250 494 +166 0063 —011+£160 00367

SLA, straight lateral approach; DAA, direct anterior approach; FMS, Fracture Mobility Score; ADL, Activities of
daily living; The A-score is the difference between postoperative and pre-fracture scores (t1-0). # Data are given as
mean and standard deviation. ® Mann-Whitney U test. © Statistically significant difference.

Preoperative Katz ADL did not significantly differ between groups (SLA 5.26 £ 1.63
vs. DAA 5.05 £ 1.65, p = 0.250). At 3 months postoperatively, Katz ADL scores decreased in
both groups with no significant differences between approaches (SLA 4.53 &= 1.84 vs. DAA
to 4.94 £ 1.66, p = 0.063). The magnitude of decline in Katz ADL (AKatz ADL) differed
significantly between groups, with a greater decrease observed in SLA compared with
DAA (SLA —0.73 £ 1.57 vs. DAA —0.11 £ 1.60, p = 0.036) (Figure 5) (Table 5).

3.4. Post Hoc Sensitivity Analysis

In the post hoc sensitivity analysis, no statistically significant differences were ob-
served. Periprosthetic joint infection rates were comparable between the early and late
cohorts (4.0% vs. 5.0%, p = 1.00). Mortality rates did not differ significantly at any time
point: in-hospital mortality (1.0% vs. 3.0%, p = 0.621), 30-day mortality (8.0% vs. 3%,
p = 0.213), 90-day mortality (11.0% vs. 5.0%, p = 0.191), and 1-year mortality (18.0% vs.
11.0%, p = 0.228). Return-to-home discharge rates were comparable between groups (37.5%
vs. 42.0%, p = 0.622).

4. Discussion

This study evaluated the potential benefits of DAA in HHA compared to SLA and
found a significantly smaller decline in ADL dependency at 3 months postoperatively,
when DAA was performed. Secondly, in patients who lived independently at home prior
to surgery, DAA was associated with a higher return-to-home rate. Furthermore, this study
demonstrated lower mortality at both 90 days and 1 year for DAA.
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Although differences in mortality during hospital admission and at 30 days postop-
eratively were not significant, at 90-day and 1-year postoperative mortality rates were
significantly lower for the DAA. These findings were in contrast with the existing liter-
ature where no clear difference in mortality between SLA and DAA has been observed
in HHA [13,14]. The decreased 90-day and 1-year mortality observed for DAA may be
partially explained by baseline differences between groups, as a higher proportion of DAA
patients were living independently before surgery and there were fewer cases of dementia.
These factors are known predictors of postoperative mortality and functional outcome
after hip fracture surgery [31-33]. The association between DAA and improved survival
observed in this study is noteworthy; however, causality cannot be established.

We observed a significantly higher rate of patients returning to home without the need
for rehabilitation or long-term care facilities following the transition to DAA. Furthermore,
a smaller decline in ADL independence at three months postoperatively was observed
following DAA. These findings suggested that the DAA resulted in less functional decline
during the early postoperative period and underlines its muscle-sparing character, which
accords with the existing literature [12,15]. Moreover, a recent study in THA indicated that
the anterior approach may help protect against nursing facility discharge and contributes
to a decreased length of stay [34].

In the subgroup analysis, mobility and activities of daily living were evaluated using
international validated questionnaires. Preoperative and postoperative mobility scores
were comparable between DAA and SLA. The pre- to postoperative difference in Katz
ADL demonstrated a significantly larger decline for SLA. This might indicate a functional
advantage for the anterior approach, possibly due to reduced soft tissue damage resulting
in faster early mobilisation [15,26].

The secondary outcomes of the current study aimed to further evaluate complications
after transitioning from SLA to DAA. The length of stay, duration of surgery, blood loss,
and postoperative haemoglobin drop were comparable between approaches, consistent
with the existing literature. These factors were therefore unlikely to explain the observed
differences in the primary outcomes.

The incidence of PJI was higher in the DAA group. This aligned with previous reports
indicating that the DAA may be technically more demanding and associated with a steeper
learning curve, potentially increasing the risk of wound-related complications [35,36]. The
post hoc sensitivity analysis revealed no significant differences in PJI rates, suggesting that
the higher incidence of PJI in the DAA group was unlikely to be attributed to the surgical
learning curve alone. There were no demographic explanations for the PJI incidence, as
known risk factors were comparable between groups (age, ASA, DM type II, BMI) and were
even more favourable in the DAA group compared to the SLA group (e.g., dementia) [3,37].

This study has multiple notable strengths. First, the single-centre design ensured uni-
formity in perioperative protocols, anaesthetic management, and rehabilitation pathways,
minimising institutional variation that often confounds multi-centre studies. Second, the
gradual transition from SLA to DAA created a well-defined natural experiment, allowing
direct comparison of both approaches within the same institutional context and surgical
team during a clearly delineated period. Third, the cohort size of this single-centre study
was relatively large in comparison with prior studies, providing higher statistical power to
detect clinically relevant differences in outcomes [16,17,19,26]. Lastly, validated outcome
measurement tools such as the fracture mobility score (FMS) and Katz ADL index were used,
offering a multidimensional and clinically relevant evaluation of postoperative function.

Several limitations of the present study must be acknowledged. Most importantly,
the lack of adjustment for baseline confounders represented the primary methodological
limitation of this study. Patients in the DAA and SLA groups differed significantly in
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prognostic factors, particularly the prevalence of dementia and pre-fracture living status.
In the absence of adjustment for these differences, the internal validity of the results may
be affected. Additionally, our dataset did not capture whether patients had previously
undergone THA of the contralateral hip, which may influence both fracture risk and
postoperative outcomes. Given the growing prevalence of THA in the elderly population,
the absence of these data represented a potential confounder [38]. As a retrospective study,
the analysis is subjected to inherent limitations, including the potential for unmeasured bias
and confounding. Reliance on chart reviews of electronic patient files may have introduced
misclassification. Moreover, a substantial proportion of patients lacked complete FMS or
Katz ADL data, which can be unfortunately common in this vulnerable elderly population,
limiting the robustness of functional outcome analyses. Lastly, the single-centre setting,
while ensuring internal consistency, may limit generalisability to other institutions with
different surgical expertise or patient populations.

The assessment battery remained relatively limited to two functional domains: mobil-
ity (FMS) and activities of independent living (Katz ADL). Future research should incorpo-
rate more comprehensive patient reported outcome measures (PROMs), performance-based
physical assessments, activity monitoring, and more complete follow-up data collection.
Larger prospective randomised controlled trials and multi-centre collaborations are needed
to confirm these findings, clarify causal relationships between surgical approaches and
outcomes, account for learning curve effects, and improve the generalisability of results
across diverse healthcare settings and patient populations.

5. Conclusions

In conclusion, this retrospective study shows that transitioning from SLA to DAA in
HHA may be associated with both advantages and disadvantages. Patients treated with
DAA appeared to better preserve their pre-fracture functional status, facilitating an earlier
return to home. In addition, lower mortality rates at 90 days and 1 year were observed in
DAA. However, the use of DAA during the transition period was also associated with a
higher incidence of periprosthetic joint infections compared with SLA.
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Abbreviations

The following abbreviations are used in this manuscript:

HHA  Hip Hemiarthroplasty
FNF Femoral Neck Fracture
SLA Straight Lateral Approach
DAA Direct Anterior Approach
PLA Posterolateral Approach
FMS Fracture Mobility Score
ADL Activities of Daily Living

PJI Periprosthetic Joint Infections
THA Total Hip Arthroplasty
TFL Tensor Fascia Lata

BMI Body Mass Index

ASA American Society of Anesthesiologist

COPD  Chronic Obstructive Pulmonary Disease

DM Diabetes Mellitus

RtH Return to Home

DoS Duration of Surgery

PROM  Patient Reported Outcome Measures

DAIR Debridement, Antibiotics, and Implant Retention
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