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Introduction: Proximal femoral fractures in aging populations represent a
significant concern, with an increasing prevalence among individuals aged
≥100 years. The existing research does not provide robust guidance for
clinicians managing older patients aged ≥100 years with proximal femoral
fractures. We investigated the safety and efficacy of surgical treatment in
patients aged ≥100 years with proximal femoral fractures and evaluated the
impact of early surgery on their outcomes.
Methods: This retrospective cohort study involved 15 patients aged ≥100 years
who underwent surgical treatment of proximal femoral fractures; the control
group included 137 patients in their 90s. Data were collected between January
2010 and December 2017. Evaluation items included patient characteristics,
surgical details, perioperative complication rates, length of hospital stay, the
proportion of patients discharged to the same facility or home, rate of
regaining walking ability, and 1-year survival rate.
Results: The patients aged ≥100 years and those in their 90s had comparable
outcomes. Thus, age alone does not dictate surgical success. Early surgery
(≤48 h) was associated with trends toward improved perioperative
complications, ambulatory ability, and return to original living environment.
Discussion: This study underscores the potential benefits of surgical
intervention for proximal femoral fractures in patients aged ≥100 years,
indicating the relevance of early surgery (≤48 h). Our findings emphasized
the importance of timely intervention and evidence-based decision-making
for this demographic. Clinicians, policymakers, and patients could benefit
from our insights to enhance fracture management strategies, along with
future research endeavors to validate and expand our results in larger
multicenter cohorts.
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1 Introduction

The incidences of proximal femoral fractures and number of

patients with these fractures, a debilitating injury among older

adults, have markedly increased with an aging population (1). Cases

among individuals ≥100 years of age are no longer rare, highlighting
the immense challenges facing a super-aged society (2). Although a

considerable body of literature exists on the surgical treatment of

proximal femoral fractures in older adults, there remains a notable

need for more evidence specifically pertaining to older patients aged

≥100 years (3). Consequently, the specific impact of surgical

intervention on postoperative life expectancy, changes in walking

ability, and alterations in living environments in this age group

remains largely uncertain. Additionally, although early surgery

within 48 h is reported to offer numerous benefits to patients with

proximal femoral fractures, there are only a few reports on the

efficacy of early surgery in patients aged ≥100 years (4, 5).
The existing literature has provided valuable insights into surgical

interventions for proximal femoral fractures in older adults, clarifying

mortality rates, functional recovery, andhealthcare resource utilization

within this population (6, 7). These studies have underscored the

significance of comprehensive preoperative assessment, appropriate

surgical approaches, and postoperative rehabilitation strategies for

optimizing outcomes (8, 9). However, the available evidence fails to

provide robust guidance for clinicians managing older patients aged

≥100 years with proximal femoral fractures (10, 11).

Given Japan’s entry into the “100-year life period,” where

longevity has become the norm, it is paramount to evaluate

the efficacy of surgical intervention in proximal femoral fractures

in this unique age group (12, 13). Therefore, the primary objective

of this study was to investigate the postoperative life expectancy,

changes in walking ability, and alterations in living environments

among older adult patients aged ≥100 years who have experienced

proximal femoral fractures. The second objective was to determine

the safety and efficacy of early surgery within 48 h in centenarians.
2 Materials and methods

2.1 Ethics approval

All procedures involving human participants in this study

adhered to the principles outlined in the Declaration of Helsinki

and were approved by the Research Ethics Committee of Shingu

Municipal Medical Center (approval number: 94). Written

informed consent was obtained from all participants.
2.2 Study population

Between January 2010 and December 2017, a total of 643

consecutive patients who experienced sustained proximal femoral

fractures and subsequently underwent surgical treatment were

enrolled in this study. First, to investigate the postoperative life

expectancy, changes in walking ability, and changes in living

environment, all patients aged ≥100 years who underwent surgical
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treatment of proximal femoral fractures within the abovementioned

timeframe were included in this study. Next, to elucidate the safety

and efficacy of early surgery within 48 h in patients ≥100 years, the

patients in their 90s who underwent surgical treatment of proximal

femoral fractures between January 2010 and December 2017 were

included in the control group. As a result, this retrospective cohort

study included 15 older patients aged ≥100 years with proximal

femoral fractures who underwent surgery between 2010 and 2017

and 137 patients in their 90s who underwent surgery during the

same period who served as the control group (Figure 1).

2.3 Evaluation items

The patient background factors included sex; age; body mass

index (BMI); American Society of Anesthesiologists (ASA) score

(14); presence of dementia; and history of anticoagulant and

antiplatelet medication use. We also assessed the fracture type,

waiting time from the initial visit to surgery, surgical procedure,

operative time, blood loss, and transfusion volume.

The following outcome measures were assessed to evaluate the

effectiveness of the surgical treatment in patients with proximal

femoral fractures.

1. Rates of perioperative complications: Any complications related

to surgery or immediate postoperative period (15).

2. Length of hospital stay: The duration of hospitalization from

admission to discharge (16).

3. Proportion of patients discharged to the same facility or home

as before the fracture: The percentage of patients who could

return to their previous facility or home environment (17).

4. Rate of regaining walking ability: The proportion of patients who

regained their ability to walk independently or with minimal

assistance (18). The data of patients who were unable to walk

before surgery were excluded from the analysis. The information

on the ability to walk before the fracture was obtained from the

patient or a family member. Moreover, the ability to walk 30

days after surgery was determined by a physician.

5. One-year survival rate: The percentage of patients who survived

for 1 year after surgery (19).

2.4 Statistical analysis

First, to evaluate the safety and efficacy of surgical treatment in

older patients ≥100 years of age with proximal femoral fractures, a

comparison was made with the control group of patients in their 90s.

Second, to evaluate the effectiveness of early surgery, we compared

the preoperative background and outcome measures among three

groups: individuals who underwent early surgery at the age of ≥100
years (100s group), those who underwent early surgery in their 90s

(90s + early group), and those who did not undergo early surgery in

their 90s (90s + late group). To compare the data between the two

groups, Fisher’s exact or chi-square tests were performed for

proportional variables. The Wilcoxon rank-sum test was used to

compare continuous variables. An analysis of variance was performed

to compare the three groups’ preoperative backgrounds and outcome

measures. If statistically significant differences were identified, the
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FIGURE 1

Flow diagram of the present study.
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Bonferroni test was performed to compare the outcomes among

the three groups. All statistical analyses were performed using JMP®

Pro version 16 (SAS Inc., Cary, NC, USA), and P-values < 0.05 were

considered statistically significant.
2.5 Surgical procedures and perioperative
management, rehabilitation

The surgical technique was discussed and decided by

five specialists certified by the Japanese Orthopedic Association. As

a basic strategy, femoral intramedullary nail and hip screw were

selected for all trochanteric fracture cases and neck fracture with

minimal dislocation, respectively. Bipolar hip arthroplasty
TABLE 1 Comparison of preoperative characteristics between patients
over 100 years of age and those in their 90s.

Characteristics Patients aged
in their 90s

Patients aged
over 100 years

P-
value

Patients (male/female) 137 (10/127) 15 (2/13) 0.411

Age (years) 93.1 ± 2.7 101.4 ± 1.8 <0.001*

BMI (kg/m2) 19.3 ± 3.4 19.9 ± 1.1 0.331

ASA class (Ⅰ/Ⅱ/Ⅲ/Ⅳ or
more)

17/105/15/0 3/11/0/1 0.010*

Presence of dementia (%) 69.3 (95/137) 66.7 (10/15) 0.831

History of anticoagulant or
antiplatelet medication
use (%)

21.2 (29/137) 6.7 (1/15) 0.180

Type of fracture (neck/
trochanteric)

49/88 6/9 0.746

BMI, body mass index; ASA class, American Society of Anesthesiologists; neck,

femoral neck fracture; trochanteric, femoral trochanteric fracture.

*P < 0.05 was considered statistically significant. Data are presented as mean±

standard deviation (range) or number.
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(BHA) was performed for other neck fractures. BHA was

standardized to an anterolateral approach and a cementless stem

was used. Perioperative pain management comprised regular oral

administration of non-steroidal anti-inflammatory drugs and

acetaminophen. However, no nerve blocks or other concomitant

measures were used. In addition, elastic stockings and foot pumps

were uniformly used during the perioperative period as a preventive

measure against venous thromboembolism (VTE). Rehabilitation by

a physical therapist was started the day after surgery.
3 Results

3.1 Preoperative comparison between age
groups

We initially compared the preoperative characteristics between

patients in their 90s and those aged ≥100 years. Notably, age and

ASA class demonstrated statistically significant differences, with the

90s group exhibiting a higher prevalence of ASA class III or higher

(Table 1). However, no significant differences were observed in

other baseline characteristics including sex; BMI; the presence of

dementia; history of anticoagulant and antiplatelet medication

use; and fracture type.
3.2 Postoperative analysis between age
groups

Following surgical intervention, we performed a comprehensive

postoperative analysis to assess the various outcomes and

complications between the two age groups. Notably, no statistically
frontiersin.org
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TABLE 2 Comparison of postoperative outcomes between patients over 100 years of age and those in their 90s.

Postoperative outcome Patients aged in their 90s Patients aged over 100 years P-value
Waiting time (hours) 91.5 ± 65.3 35.2 ± 22.7 0.001*

Surgical procedure (ORIF/BHA) 99/38 9/6 0.320

Operative time (minutes) 55.4 ± 19.5 54.1 ± 18.7 0.816

Blood loss (ml) 121.5 ± 117.3 119.4 ± 97.8 0.896

Blood transfusion volume (ml) 460.7 ± 312.2 480.0 ± 374.0 0.761

Perioperative complications (%) 19.0 (26/137) 13.3 (2/15) 0.592

Hospital stay (days) 42.6 ± 20.4 38.3 ± 21.8 0.449

Returned to original living environment (%) 56.2 (77/137) 80 (12/15) 0.076

Regained walking ability (%) 51.4 (55/107) 60 (6/10) 0.603

One-year survival rate (%) 89.8 (123/137) 93.3 (14/15) 0.661

Waiting time, waiting time from visit to surgery; ORIF, open reduction and internal fixation; BHA, bipolar hip arthroplasty; Returned to original living environment, the

percentage of patients who were able to return to their previous facility or home environment; Regained walking ability, the proportion of patients who regained the

ability to walk independently or with minimal assistance. Data of patients who did not have the ability to walk before surgery were excluded from the calculation.

*P < 0.05 was considered statistically significant. Data are presented as mean ± standard deviation (range) or number.
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significant differences were identified in the surgical procedure,

operative time, blood loss, transfusion volume, perioperative

complication rate, hospital stay, percentage of patients who

returned to their original living environment, rate of regaining

walking ability, and 1-year survival rate (Table 2). However, a

notable discrepancy was observed in the waiting time from the

initial visit to surgery, with the 90s group experiencing

significantly longer waiting times. No fatal complications due to

VTE were observed in either group.
TABLE 3 Comparison of preoperative characteristics between patients who d

Characteristics Early surgery patie
in their 90s

Patients (male/female) 54 (5/49)

Age (years) 93.8 ± 2.6

BMI (kg/m2) 19.2 ± 2.7

ASA class (Ⅰ/Ⅱ/Ⅲ/Ⅳ or more) 9/45/0/0

Presence of dementia (%) 57.4 (31/54)

History of anticoagulant or antiplatelet medication use (%) 5.6 (3/54)

Type of fracture (neck/trochanteric) 18/36

BMI, body mass index; ASA class, American Society of Anesthesiologists; neck, femora

*P < 0.05 was considered statistically significant. Data are presented as mean ± standa

TABLE 4 Comparison of postoperative outcomes between patients who did

Early surgery patients
in their 90s

Waiting time (hours) 29.0 ± 14.9

Surgical procedure (ORIF/BHA) 39/15

Operative time (minutes) 55.9 ± 19.6

Blood loss (ml) 109.2 ± 96.1

Blood transfusion volume (ml) 408.9 ± 258.0

Perioperative complications (%) 5.6 (3/54)

Hospital stay (days) 39.6 ± 23.7

Returned to original living environment (%) 72.2 (39/54)

Regained walking ability (%) 75.6 (31/41)

One-year survival rate (%) 96.3 (52/54)

Waiting time, waiting time from visit to surgery; ORIF, open reduction and internal fixat

percentage of patients who were able to return to their previous facility or home enviro

to walk independently or with minimal assistance. The data of patients who did not h

*P < 0.05 was considered statistically significant. Data are presented as mean ± standa
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3.3 Factors influencing early surgery in the
90s group

A significant number of patients in the 90s group did

not undergo early surgery within 48 h, primarily due to non-

patient factors (approximately 60%), followed by a history of

anticoagulant or antiplatelet medication use (approximately 31%)

and comorbidity limitations (approximately 29%). Among the

non-patient factors, a substantial proportion of delays were
id and did not undergo early surgery.

nts Late surgery patients
in their 90s

Early surgery
patients ≥100 years

P-value

83 (5/78) 15 (2/13) 0.563

92.7 ± 2.7 101.4 ± 1.8 <0.001*

19.3 ± 3.9 19.9 ± 1.1 0.618

8/60/15/0 3/11/0/1 0.001*

77.1 (64/83) 66.7 (10/15) 0.051

31.3 (26/83) 6.7 (1/15) <0.001*

31/52 6/9 0.846

l neck fracture; trochanteric, femoral trochanteric fracture.

rd deviation (range) or number.

and did not undergo early surgery.

Late surgery patients
in their 90s

Early surgery
patients ≥100 years

P-value

132.1 ± 51.9 35.2 ± 22.7 <0.001*

60/23 9/6 0.610

55.7 ± 19.5 54.1 ± 18.7 0.988

129.5 ± 129.2 119.4 ± 97.8 0.676

494.5 ± 340.1 480.0 ± 374.0 0.448

27.7 (23/83) 13.3 (2/15) 0.004*

44.5 ± 17.8 38.3 ± 21.8 0.086

45.8 (38/83) 80 (12/15) 0.002*

36.4 (24/66) 60 (6/10) <0.001*

85.5 (71/83) 93.3 (14/15) 0.108

ion; BHA, bipolar hip arthroplasty; Returned to their original living environment, the

nment; Regained walking ability, the proportion of patients who regained the ability

ave the ability to walk before surgery were excluded from the calculation.

rd deviation (range) or number.
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FIGURE 2

Postoperative outcomes among the three groups. 90s + early: Patients who underwent early surgery in their 90s; 90s + late: Patients who did not
undergo early surgery in their 90s; over 100 years: Patients who underwent early surgery at ≥100 years of age. (A) ASA class, (B) history of
anticoagulant and antiplatelet medications, (C) waiting time from the initial visit to surgery, (D) perioperative complications, (E) patients who
returned to their original living environment, (F) patients who regained their walking ability. **P < 0.0167, *0.0167 ≤ P < 0.05, N.S: P≥ 0.05.
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attributed to the injury having been sustained during the national

holiday period (approximately 60%).
3.4 Comparative assessment of early
surgery efficacy

Further analysis was performed to evaluate the effectiveness of

early surgery by comparing the outcomes among the three groups:

1. Patients who underwent early surgery at an age ≥100 years

2. Patients who underwent early surgery in their 90s

3. Patients who did not undergo early surgery in their 90s

Distinct differences between these groups were observed in the

ASA class and history of anticoagulant and antiplatelet

medication use (Table 3).
3.5 Postoperative outcomes among the
three groups

Postoperative outcomes demonstrated notable differences in the

rate of perioperative complications, percentage of patients who

returned to their original living environment, and rate of regaining

walking ability (Table 4). Although statistical significance was not

consistently observed, the trends suggested that the 90s + late

group tended to have more perioperative complications and

poorer ambulatory ability than did the 90s + early group

(Figure 2). Moreover, the safety and efficacy of early surgery in the

100s group were similar to those in the 90s + early group.

These findings collectively underscore the comparability of

surgical outcomes between older patients aged ≥100 years and

those in their 90s, along with the potential benefits of early

surgery for enhancing patient outcomes and minimizing

complications within these specific age cohorts.
4 Discussion

The abovementioned findings provide valuable insights into

the safety and efficacy of surgical treatment in older patients

aged ≥100 years with proximal femoral fractures and the impact

of early surgery on patient outcomes. Notably, our analysis

compared the outcomes of patients ≥100 years of age with those

of patients in their 90s, clarifying the daunting challenges and

considerations a super-aged society faces. Furthermore, our study

thoroughly examined the influence of early surgical intervention

on outcomes among various age groups, highlighting the

significance of timely intervention in optimizing outcomes. This

study provides novel insights by addressing a notable gap in the

literature into managing older adult patients aged ≥100 years

with proximal femoral fractures. Our examination of the specific

impact of surgical treatment on the postoperative life expectancy,

changes in walking ability, and alterations in the living

environment within this unique age group could provide the

limited evidence available in this context. Furthermore, the
Frontiers in Surgery 06
investigation of the safety and efficacy of early surgery within

48 h in patients ≥100 years of age fills a critical void in

understanding fracture management in this demographic. The

comprehensive evaluation of multiple outcomes, ranging between

perioperative complications and long-term survival, enhanced the

robustness and applicability of our findings.

When contextualized within the existing literature, our results

align with a broader understanding of surgical interventions for

proximal femoral fractures in older adults (6, 7, 20). Although

several studies have emphasized the importance of comprehensive

assessment, appropriate surgical techniques, and postoperative care

in optimizing outcomes (6, 8), few have explicitly addressed the

unique needs of older adult patients aged ≥100 years with these

fractures (3, 10). This study bridges this gap and extends the

evidence base to encompass this distinct demographic group,

reinforcing the relevance and timeliness of the findings.

The observed similarities in surgical outcomes between patients

aged ≥100 years and those in their 90s highlight the potential for

successful management of proximal femoral fractures across these

age groups. Our study suggests that age alone may not be the sole

determinant of surgical success, as factors such as early surgical

intervention and careful preoperative assessment could play pivotal

roles in enhancing patient outcomes (21). These findings further

support the effectiveness of early surgery within 48 h, showing

trends toward improved perioperative complications, ambulatory

ability, and return to the original living environment. These insights

underscore the importance of prompt surgical intervention in both

age cohorts, resonating with the broader understanding of the

benefits of early intervention (4, 5, 10, 11, 22, 23).

Although this study offers valuable contributions, it is not exempt

from limitations. The retrospective design and single-center setting

may have introduced inherent biases and limited the generalizability

of our findings. Moreover, our sample size was modest, particularly

in the over-100-year age group, warranting cautious interpretation.

The fact that all of the centenarians were able to undergo surgery

within 48 h may have been a function of the special awareness of

their physicians and medical staff. In other words, the numerical

specialness of “over 100 years old” may have increased the

awareness of the medical staff in charge of prioritizing full-body

examinations and emergency surgical responses. We considered this

to be one of the limitations of this study as a selection bias. The

absence of randomization in our study design may have led to

potential confounding, as unmeasured variables could have

influenced the observed associations. Although we adjusted for

confounding factors in our analyses, unmeasured confounders

remain a limitation that could affect the validity of our conclusions.

In addition, focusing on the 1-year postoperative survival rate offers

a valuable snapshot of short-term outcomes. However, the absence

of a long-term follow-up limits our ability to capture potential

changes in outcomes beyond the initial recovery period, providing a

more comprehensive understanding of the sustainability of surgical

benefits in this population. Given the single-center nature of our

study, caution is required when extrapolating our findings to other

healthcare settings or geographic regions, as variations in healthcare

practices, patient demographics, and socioeconomic factors could

affect the applicability of our results beyond our study population.
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We consider it a major limitation that this study focused on actual age

and did not consider physiological age such as frailty. This is one of the

issues necessitating the need for future research. Despite these

limitations, our study could provide valuable preliminary evidence,

paving the way for future research with larger multicenter cohorts to

validate our results and provide more nuanced insights.

In conclusion, our study elucidated the efficacy of surgical

treatment of proximal femoral fractures in older patients aged

≥100 years. We underscored the comparability of surgical

outcomes across various age groups and highlighted the potential

benefits of surgical intervention within 48 h. The findings of this

study have important implications for clinicians, policymakers,

and patients. Clinicians are encouraged to consider early surgical

intervention as a viable approach for improving outcomes in

older patients with proximal femoral fractures. Policymakers can

use our results to shape healthcare strategies tailored to the

continuing challenges of a super-aged society, emphasizing the

need for targeted fracture management approaches. Ultimately,

patients and their families could draw confidence from evidence-

based insights that guide decision-making and foster informed

discussions with healthcare providers. Although further research

is warranted to validate and expand our findings, this study

provides a foundational understanding of optimal fracture

management in a rapidly aging population.
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