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The clinical frailty scale is associated

with an increased risk of postoperative
complications and the development

of post-traumatic osteoarthritis in elderly
patients with trimalleolar ankle fractures -
a retrospective study
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Abstract

Background The Clinical Frailty Scale (CFS) is a tool to assess the overall health of older adults. There are few reports
of CFS and prognosis of ankle fracture. The objective of this study was to determine the predictive power of the CFS
for adverse clinical and radiographic outcomes after surgery in elderly patients with trimalleolar fractures.

Method All patients aged 65 and older underwent open reduction and internal fixation for trimalleolar fractures
between January 2015 to January 2023 were selected. Follow-up time was at least 1 year. Patients with post-traumatic
osteoarthritis, bone tumors, bone infection, and other diseases before surgery were excluded. According to the

CFS score, the patients were divided into three groups: not frail, vulnerable, and frail. Multivariate logistic regression
analysis was used to evaluate the effect of the clinical frailty scale on postoperative complications.

Result Excluding 3 cases of death during the follow-up process, and 4 cases lost to follow-up, the study included a
total of 146 patients, who were grouped based on their degree of frailty: the Healthy Group (CFS=1-3, n=69), the
Vulnerable Group (CFS=4, n=50), and the Frail Group (CFS=5-9, n=47). In comparison with the not frail group, frail
(CFS 5-9) emerged as an independent predictor of any complications (OR=6.90, Cl: 1.43-11.56, P=0.009), adverse
discharge destination (OR=7.53, Cl: 2.06-77.50, P=0.006), and post-traumatic osteoarthritis (OR=28.90, Cl: 1.94-24.66,
P=0.003).
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Conclusions The frailty assessed by the CFS is associated with adverse discharge destination, any complications,
and post-traumatic osteoarthritis in elderly patients undergoing open reduction and internal fixation for trimalleolar

fractures.
Keywords Frail, Clinical frailty scale, Trimalleolar fracture

Introduction

As the population ages, there is an increasing incidence
of ankle fractures in the elderly, making it the third most
common musculoskeletal injury. Because elderly patients
may be associated with multiple chronic diseases and
osteoporosis, fractures often involve the medial, lateral,
and posterior malleoles, and the treatment of elderly
ankle fractures is more challenging [1]. It has been
reported that the one-year mortality rate of elderly ankle
fractures is as high as 12%, 81% of patients have more
than 3 severe comorbidities, and 60% of patients can-
not go home due to fractures and need to be admitted to
rehabilitation centers [2—4]. With the implementation of
the Enhanced Recovery After Surgery (ERAS) concept in
treating ankle fractures, research on elderly ankle frac-
tures is progressing toward enhancing treatment effi-
cacy, minimizing complications, and expediting patient
recovery [5]. Currently, there is still debate about the
best treatment methods for ankle fractures in the elderly.
Treating ankle fractures in older adults requires a com-
prehensive consideration of the patient’s overall health
status, the type and stability of the fracture, and the selec-
tion of appropriate treatment methods. Open reduction
and internal fixation(ORIF) is one of the main treat-
ment methods that can reduce and fix fractures, helping
patients exercise their functions early. However, while
bringing good results, it also increases the risk of compli-
cations. Therefore, surgeons must fully assess and weigh
the pros and cons before surgery [6]. Many studies have
been published concerning predicting complications that
may occur during the treatment of elderly ankle fractures
and other orthopedic diseases [7-10].

Frailty is a multidimensional clinical syndrome closely
related to the health and diseases of the elderly. Frailty
can increase the susceptibility of the elderly to stress,
reduce their ability to cope with various medical inter-
ventions and increase the risk of adverse health out-
comes. The frailty assessment can predict the elderly’s
response to surgery, diseases, other medical interven-
tions, potential complications, and recovery time [11].
Currently, the three most used frailty assessment tools
are the frailty index, the frailty phenotype, and the Clini-
cal Frailty Scale (CFS) [12]. The CFS is a tool used to
assess the overall health status of the elderly, categoriz-
ing patients’ frailty levels from high to low into 9 grades.
From 1 (very fit) to 9 (severely frail with terminal illness),
individuals with a score of 5 or above are considered frail
[13, 14]. Compared to the CEFS, the frailty phenotype

requires the measurement of gait speed, and the assess-
ment of patients with lower limb fractures who cannot
walk is affected; the frailty index involves too many vari-
ables, and the assessment upon emergency admission of
patients may be limited. The CES is easy to use in clini-
cal settings and can be easily measured by non-geriatric
physicians. No special equipment, such as a stopwatch
or additional personnel, is required during the measure-
ment process [15]. Previous studies on the CFS found
that the higher the CFS score, the worse the prognosis
of orthopedic-related diseases. The CFS has predictive
value for the discharge destination and complications of
elderly patients with hip fractures [12, 14].

At present, to our knowledge, there is little research
on the correlation between CFS and postoperative com-
plications in elderly patients with trimalleolar fractures.
Therefore, the purpose of this present is to determine
whether frailty assessed by the CFS can predict the prog-
nosis of elderly patients with trimalleolar fractures after
ORIE.

Method

A retrospective analysis was conducted on patients aged
65 and above who underwent open reduction and inter-
nal fixation surgery for trimalleolar fractures at our hos-
pital from January 2015 to January 2023. The Institutional
Review Board approved the study.

Inclusion criteria

The ankle fracture was the only musculoskeletal injury;
the same team of surgeons performed all surgeries, and
the follow-up period was at least one year.

Exclusion criteria

Incomplete medical records, preoperative comorbidities
such as post-traumatic osteoarthritis, bone tumors, bone
infections, and other diseases.

Baseline data
Record the age, gender, body mass index (BMI), smoking,
alcohol consumption, operation time, and blood loss of
each patient.

Postoperative outcomes

Record any diagnosed postoperative complications,
adverse discharge destinations defined as discharge to a
long-term care facility, incisional complications (inci-
sional complications include incision infection, poor
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wound healing, wound dehiscence, postoperative incision
pain, etc.), deep vein thrombosis(DVT), post-traumatic
osteoarthritis, and nonunion of the bone. Nonunion of
the bone is defined as a fracture that has not healed at
least 9 months postoperatively and has shown no further
tendency to heal for at least 3 months [16]. The develop-
ment of post-traumatic osteoarthritis is defined as the
presence of any narrowing of the ankle joint space, sub-
chondral sclerosis or cysts, and the formation of osteo-
phytes after surgery [17].

Clinical frailty scale (CFS)

It is a tool used to assess the overall health status of the
elderly, categorizing patients’ frailty levels from high to
low into 9 grades (see Fig. 1). Based on the cutoff deter-
mined by previous studies, the score is further divided
into Not Frail (1 to 3 points), vulnerable (4 points), and
frail (5-9 points) [14, 18].

Statistical analysis
The data were statistically analyzed using the SPSS 22.0
software. Continuous numerical variables conform to a

normal distribution and are represented as z + s, and
one-way ANOVA (Analysis of Variance) is used to com-
pare the differences between groups. Categorical data
are compared for differences between groups using the
Pearson chi-square test. Multivariate logistic regression
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analysis was used to assess the impact of different indi-
cators on postoperative complications. The significance
level for all tests was set at a=0.05, where P<0.05 indi-
cates a statistically significant difference.

Result

Baseline data

Excluding 3 cases of death during the follow-up pro-
cess, and 4 cases lost to follow-up, the study included a
total of 146 patients, who were grouped based on their
degree of frailty: the Healthy Group (CFS=1-3, n=69),
the Vulnerable Group (CFS=4, n=50), and the Frail
Group (CFS=5-9, n=47). There were significant differ-
ences in age among the three groups, with the Frail group
being significantly older than the Not Frail and Vulner-
able groups. There were no significant differences among
the three groups in terms of gender, BMI, smoking, alco-
hol consumption, blood loss, and operation time (see
Table 1).

Postoperative complications

There were significant differences among the three
groups in terms of any complications, adverse discharge
destinations, DVT, and post-traumatic osteoarthritis,
with the Frail group having a notably higher incidence
compared to the Not Frail group. There were no sig-
nificant differences among the three groups regarding

Score Grade Description

1 Very Fit Robust, active, energetic, and regularly engaged in physical exercise, representing the
healthiest status within their age group.

2 Fit No obvious signs of disease, but not as fit as those in grade 1, often participate in physical
exercise, occasionally very active, such as seasonally.

3 Managing Well | Health issues are manageable, and there is no regular physical exercise beyond routine walking.

4 Vulnerable Capable of performing daily living activities without assistance, but certain symptoms may
limit activities, with common complaints of being "slow-moving" during the day and feeling
fatigued.

5 Mildly Frail Noticeably slow movements, requiring assistance with TADLs (Instrumental Activities of
Daily Living, such as going to the bank, taking public transportation, doing heavy housework,
and medication management).

6 Moderately Requires assistance for all outdoor activities, and help is needed for indoor activities like

Frail climbing stairs and bathing, with dressing possibly requiring some assistance.

7 Severely Frail Completely unable to take care of personal needs, but in a stable condition without the risk of
death in the near future.

8 Very Severely Completely unable to take care of personal needs, approaching the end of life, and unable to

Frail recover from any illness.
9 Terminally Ill Approaching the end of life, with an expected survival of less than 6 months.

Fig. 1 Clinical Frailty Scale
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Table 1 Baseline patient data Table 3 Multivariate Regression Analysis
Not Frail (CFS Vulnerable Frail (CFS P- OR 95% ClI P-value
1-3) (CFs 4) 5-9) value Any Complications
Age (years) 68.02+243 71.64+345 7430+2.87 0.00 Vulnerable (CFS 4) versus not frail 0.35 0.53-3.24 0.556
Gender (M/F) ~ 38/31 21/29 26/21 030 Frail (CFS 5-9) versus not frail 6.90 143-1156  0.009
BMI 3040+844 30.70+9.10 30.59+7.43 0.98 Age 0.07 0.90-1.14 0.790
Smoking His-  35/34 22/28 23/24 0.76 Gender 6.05 1.19-4.71 0014
tory (Yes/No) BMI 017  095-103 0684
Drinking His-  42/27 29/21 27/20 0.92 adverse discharge destinations
tory (Yes/No) .
Vulnerable (CFS 4) versus not frail 0.85 0.40-12.55 0.355
(Bxd Loss 31074790 30444713 3351+880 0.3 Frail (CFS 5-9) versus not frai 753 206-7750  0.006
Op- 5464+2504 5448+2422 558742679 096 Age 306 068-1.02 008
eration Time Gender 0.16 0.40-3.99 0.688
(minutes) BMI 032 095-1.09 057
incisional complications
Table 2 Patient postoperative complications Vulnerable (CFS 4) versus not frail 0.03 0.17-8.27 0.85
Not Frail Vulner- Frail (CFS  P- Frail (CFS 5-9) versus not frail 177 0.53-26.78 0.183
(CFS1-3) able(CFS 5-9) val- Age 030 075118 0.582
4) ue Gender 1.29 0.56-9.20 0.255
Any Complications n(%)) 18(26.1%)  15(30.0%)  28(59.6%) 0.00 BMI 013 0.94-1.10 0.715
adverse discharge desti-  3(4.3%) 3(6.0%) 8(17.0%) 0.04 DVT
nation n(%) Vulnerable (CFS 4) versus not frail 0.04 1.48-10.25 0.847
incisional complications  3(4.3%) 2(4.0%) 5(106%) 029 Frail (CFS 5-9) versus not frail 2.18 061-3565  0.14
n(%) Age 014  084-130 0708
DVT n(%) 2(2.9%) 2(4.0%) 7(14.9%) 0.03 Gender 001 031-3.82 0.905
post-traumatic osteoar-  8(11.6%) 6(12.0%) 17(36.2%)  0.00 BMI 025 094-111 0615
thritis n(%) post-traumatic osteoarthritis
Nonunion of Bone n(%) 4G:8%)  360%  6(128%) 033 Vulnerable (CFS 4) versus not frail 028 042-458 0600
Frail (CFS 5-9) versus not frail 8.90 1.94-24.66 0.003
incisional complications and nonunion of the bone (see  Age 1.18 0.80-1.07 0.277
Table 2). Confirmed by CT imaging, 31 cases of post-  Gender 127 070-373 0261
traumatic osteoarthritis were found during follow-up. BMI 009  096-1.06 0.770
An increase in the degree of frailty significantly increased =~ Nonunion of Bone
the incidence of post-traumatic osteoarthritis (CFS 1-3:  Vulnerable (CFS 4) versus not frail 009  025-6.66 0.765
11.6%, CFES 4: 12.0%, CFS 5-9: 36.2%; P= 0.0()). Frail (CFS 5-9) versus not frail 1.76 0.57-18.51 0.185
Multivariate regression analysis of the entire cohort of =~ Age 029 07/8-1.16 0593
patients. Gender 0.51 047-4.97 0476
BMI 0.07 0.92-1.06 0.799

Compared to the Not Frail group, the Frail group (CFS
5-9) was an independent predictor for any complications
(OR=6.90, CI: 1.43-32.56, P=0.009), adverse discharge
destinations (OR=7.53, CIL: 2.06-77.50, P=0.006), and
post-traumatic osteoarthritis (OR =8.90, CI: 1.94-42.66,
P=0.003) (see Table 3).

Discussion

The association between frailty and orthopedics is pri-
marily manifested in elderly patients, especially those
with osteoporosis. Elderly patients are more prone to
fractures due to brittle bones, and the recovery process
after a fracture may exacerbate the state of frailty. Ortho-
pedic treatment should not only focus on repairing frac-
tures but also consider the patient’s overall health status
and degree of frailty to ensure the treatment plan’s safety
and effectiveness. Although there have been many stud-
ies on the relationship between frailty and orthopedic

diseases, we are the first to use the CFS to predict post-
operative complications in elderly patients with trimal-
leolar fractures [12, 19, 20]. The significant advantage
of the CFS is its feasibility for use upon the admission
of ankle fracture patients. Compared to other well-vali-
dated frailty assessment tools, the CFS requires fewer
devices, fewer assessment indicators, and less time [14,
21]. Studies in the emergency medical environment have
also confirmed the feasibility of non-geriatric physicians
obtaining CFS scores using routine admission clinical
assessments without specific training [22, 23].

Our study indicates that an increase in frailty pre-
dicts adverse outcomes. Multivariate regression analysis
revealed that, compared to the not frail group, the frail
group had a significantly higher risk of postoperative
adverse discharge destinations and any complications.
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Frailty is a multidimensional clinical syndrome charac-
terized by a decline in physiological reserves and a reduc-
tion in the function of organ systems, which increases
the vulnerability of the elderly to stress, especially in the
postoperative setting. Additionally, we analyzed the rela-
tionship between frailty and the long-term postoperative
complications of ankle fractures in the elderly, specifi-
cally post-traumatic osteoarthritis and nonunion of the
bone. The study found that an increase in the degree of
frailty is significantly correlated with a higher incidence
of post-traumatic osteoarthritis (CFS 1-3: 11.6%, CES 4:
12%, CFS 5-9: 36.2%, P=0.000). Previous studies have
shown that increasing age and BMI are predictive fac-
tors for post-traumatic osteoarthritis [24, 25]. However,
in our multivariate regression analysis (which included
age and BMI), it was found that only frailty was indepen-
dently associated with an increased likelihood of devel-
oping post-traumatic osteoarthritis (OR =12.5, P=0.037).
These findings suggest that, compared to other specific
variables of the patient, frailty may be a more accurate
surrogate indicator for predicting post-traumatic osteo-
arthritis. From a biomechanical perspective, elderly
patients with a high degree of frailty often have osteo-
porosis and poor bone quality. The degree of ankle frac-
tures is generally more severe, and it is more challenging
to achieve anatomical reduction and stable fixation dur-
ing surgery. Simultaneously, elderly patients experience
slower bone healing and declines in physical coordina-
tion, muscle strength, and balance abilities, which may
lead to joint instability and ongoing pain, potentially
culminating in the development of post-traumatic osteo-
arthritis. Furthermore, frail patients may experience lim-
ited mobility after a joint injury, leading to reduced joint
usage, which can further accelerate the degenerative pro-
cess of the joint [24].

Frailty is a multisystem syndrome, and due to a lack of
metabolic and musculoskeletal reserves, frail patients are
more susceptible to degenerative and traumatic bone and
joint injuries. Currently, many studies strongly advocate
using the CFS as a predictive tool for assessing ortho-
pedic surgery outcomes. Comparisons of the CFS with
other predictive indicators have consistently found it
compelling and, in some cases, even superior [26, 27]. The
CES is an excellent screening tool that broadly describes
a patient’s preoperative functional status. However, it is
not a comprehensive representation of frailty and cannot
measure all aspects of a patient’s clinical frailty condition.
Frailty should be considered part of a broader compre-
hensive assessment of the patient’s condition, empha-
sizing the combination of the CFS with other specific
indicators. This study on the correlation between CES
and postoperative complications in elderly patients with
trimalleolar fractures is valuable. In the current context
of increasing medical demands, orthopedic care based
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on effective scoring systems for specific patient popula-
tions can improve decision-making and the efficiency of
resource allocation. Identifying patients at risk of compli-
cations based on their CFS scores can effectively allocate
resources and pave the way for targeted interventions
and optimizing care and rehabilitation plans [28].

This study has some limitations. Being retrospective
and using data from a single institution, the sample size
of this study is relatively small compared to studies based
on more extensive databases. During the scoring pro-
cess, the results of the CFS assessment are significantly
influenced by the subjectivity of the assessors. Therefore,
we have selected three experienced geriatricians to con-
duct the scoring. The final result will be the average of
the scores given by the three assessors, and if the aver-
age is not an integer, it will be rounded to the nearest
whole number. Additionally, before the assessment, we
trained the assessors and established uniform assess-
ment criteria and procedures to enhance the accuracy
and objectivity of the evaluation. At the same time, for
patients with cognitive impairments, such impairments
may lead to inaccurate scoring and affect the sensitivity
and specificity of the CFS. Therefore, In this experiment,
we have excluded patients with cognitive impairments
that significantly affect the assessment as subjects with
incomplete data. However, in actual clinical practice,
when assessing patients with cognitive impairments, it
may be necessary to enhance the training of medical staff
and potentially combine other cognitive function assess-
ment tools to improve the accuracy and comprehen-
siveness of the assessment. Additionally, our long-term
follow-up focused only on imaging outcomes and did not
include ankle joint functional scores, such as the Ameri-
can Orthopaedic Foot & Ankle Society (AOFAS) scoring
system, the Visual Analog Scale (VAS), the Foot Func-
tion Index (FFI), etc. This should be an area for future
research. Future research should conduct prospective
analyses of frailty while controlling for potential con-
founding variables in a larger patient sample, including
bone density and other patient comorbidities. Despite
these limitations, our analysis of the CFS scores has
assessed the impact on elderly patients following trimal-
leolar fracture surgery and evaluated the link between
frailty and the development of post-traumatic ankle
arthritis. Our findings can serve as reference points for
surgeons to better inform patients of the relative risks of
postoperative complications based on their frailty status.
They can also manage high-risk patients more effectively
through targeted interventions and frequent follow-ups.
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Conclusions

The frailty assessed by the CFS is associated with adverse
discharge destination, any complications, and post-trau-
matic osteoarthritis in elderly patients undergoing open
reduction and internal fixation for trimalleolar fractures.
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