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Pre-operative Computed Tomography-based Sarcopenia Assessment as a
Predictor of Mortality and Functional Outcome following Geriatric Hip
Fracture Surgery

Mohammed Saleh AlSaifi', Rajani Thakur’, Siroya Meet Manishbhai’, Ketan Rupala’,
Mohanakrishnan B’, Ashirwad Pasumarthy”

Learning Point of the Article:
Pre-operative CT-based assessment of sarcopenia provides an objective method for identifying elderly hip fracture patients at increased risk
of post-operative complications, mortality, and poor functional recovery.

Introduction: Hip fractures among older adults are known to be highly morbid, lethal, and with low chances of functional improvement.
Sarcopenia has been identified as an important predictor of outcomes due to its characteristics such as muscle mass depletion and quality loss.
Computed tomography (CT)-based sarcopenia is currently seen as an objective and practical way to predict sarcopenia in the acute care setting.
Materials and Methods: The research employed a prospective study design in which 50 subjects above the age of 60 years with hip fractures
undergoing hip surgery were studied. Patients were grouped based on their sarcopenia status as defined by muscle parameters from CT such as
psoas muscle area and attenuation. Patient demographics, radiological measurements, and outcome measures such as post-operative
complications, length ofhospitalization, mortality,and Harris Hip Scores were obtained.

Results: Sarcopenic patients had significantly lower muscle mass (3.8 £ 0.9 cm2 vs. 6.5 £ 1.2 cm2) and attenuation (28 + S Hounsfield Units
[HU] vs.42 £ 6 HU; P < 0.001). There were more post-operative complications (58.3% vs. 23.1%) and prolonged hospital stays (12.5 + 3.2 days
vs. 8.4 % 2.1 days). There were more deaths in the sarcopenic group (33.3% vs. 3.8%). The functional scores were worse, as 50% of sarcopenic
patients had poor Harris Hip Scores versus 15.4% of non-sarcopenic patients. Sarcopenic patients had significantly lower psoas muscle area (3.8
+0.9cm2vs. 6.5+ 1.2 cm2; P <0.001) and muscle attenuation (28 + SHU vs. 42 + 6 HU; P < 0.001).

Conclusion: Sarcopenia identified by pre-operative CT is an excellent predictor of mortality, post-operative complications, and poor function
in elderly patients with hip fractures. Regular screening for sarcopenia can assistin risk stratification and appropriate perioperative management.
Keywords: Computed tomography, functional outcome, mortality, sarcopenia, hip fracture.
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survival. The mortality rates in patients after hip fracture
surgery are still high, and studies indicate that short-term and 1-
year mortality is high, which is why the reliability of prognostic
indicators to make a clinical decision and manage the patient
optimally must be considered [1]. “Sarcopenia, or progressive
and generalized skeletal muscle mass and activity loss, has
become a key factor that predetermines negative outcomes in
older adults among other risk factors. It is very common in
patients with hip fractures and closely linked to higher post-
operative complications, slow recovery, low functional
outcomes, and higher mortality [2].

Historically, the diagnosis of sarcopenia is based on a set of
muscle mass measurements, muscle strength assessment, and
physical performance evaluation as suggested by the European
Working Group on Sarcopenia in Older People (EWGSOP2).
Nevertheless, these functional tests are in most cases
impractical or unreliable in the acute environment of hip
fractures because of pain, immobility, and limitations imposed
by the trauma. Consequently, the desire to find alternative ways
of sarcopenia assessment, especially imaging-based ones, which
can be conducted with the utilization of regularly obtained
radiological data, has increased [3]. Computed tomography
(CT)-based measurement has become one of the essential tools
to measure body composition, such as skeletal muscle mass and
muscle quality, in terms of muscle cross-sectional area, skeletal
muscleindex (SMI), and muscle attenuation [4].

Opportunistic assessment of sarcopenia can be carried out with
no extra cost or patient burden in pre-operative CT scans that
are often done in elderly patients to evaluate their diagnosis or
surgical planning intentions [S]. Research has shown that
muscle measurements obtained using CT, especially psoas
muscle area and density, are good predictors of muscle mass and
quality, which is indicative of both sarcopenia and myosteatosis.
Notably, these CT-based indices have been demonstrated to be
related to clinical outcomes, and therefore, they are promising
biomarkers of risk stratification in surgical patients [6].

There is also emerging evidence that CT-based sarcopenia is an
important predictor of death in elderly patients who have
undergone hip fracture surgery [7]. Less muscle mass and low
muscle density have been found to be independently related to
elevated short-term and long-term mortality rates even after
considering the confounding variables of age, sex, and
comorbidity. Moreover, patients with a low muscle quantity
alongside poor muscle quality have the worst prognosis, which
underlines the significance of extensive muscle examination
8].

Besides mortality, sarcopenia has also been observed to be
associated with compromised functional recovery after hip
fracture surgery. Sarcopenic patients have increased chances of

having long hospital stays, delayed mobilization, reduced
activity of daily living independence, and increased chances of
institutionalization. These results are especially important
among geriatric populations, where one of the most important
determinants of quality of life and healthcare use is functional
independence [9].

Although the scientific evidence of the prognostic value of
sarcopenia continues to mount, the standardized, practical, and
universally acceptable ways of measuring the condition in the
acute clinical setting are, nonetheless, lacking. Evaluation
through CT can offer an answer to this question because there
are objective, reproducible, and readily obtainable
measurements of muscle parameters possible. However,
methodological inaccuracy, inconsistency in cut-off values, and
inconsistent anatomical landmarks have limited the widespread
application of this diagnostic technique [10]. The purpose of
the current scientific paper lies in the pre-operative detection of
sarcopenia, which occurs in the form of CT prediction of
mortality and functional outcomes in geriatric patients
undergoing hip fracture surgery. This investigation will help
develop several robust prognostic models that could be used for
risk stratification and perioperative care of these vulnerable
patients. Therefore, the present study was conducted to
evaluate the role of pre-operative CT-based sarcopenia
assessment in predicting mortality and functional outcomes
following hip fracture surgery in elderly patients.

Materials and Methods
Study design

This prospective observational cohort study was conducted in
the Departments of Orthopaedics and Radiology of a tertiary
care teaching hospital over a period of 18 months to evaluate the
utility of CT-derived assessment of sarcopenia in predicting
mortality and functional outcomes among elderly patients
undergoing hip fracture surgery. The study protocol was
approved by the Institutional Ethics Committee, and written
informed consent was obtained from all participants or their
legally authorized representatives before enrollment in the
study.

Participants
Inclusion criteria
« Patients aged >60years

« Diagnosed with hip fracture (intertrochanteric or femoral
neck fracture)

« Undergoing surgical management

« Availability of pre-operative CT scan including abdominal or
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pelvicregion

« Provided informed consent

Exclusion criteria

« Pathological fractures (e.g., malignancy-related)

« Previous hip surgery on the affected side

« Patients with neuromuscular disorders affecting muscle mass
« Polytrauma patients or those with severe head injury

« Incomplete clinical orimaging data

« Refusal to participate in the study

Studysampling and sample size

A consecutive sampling method was employed, wherein all
eligible patients presenting during the study period were
enrolled until the target sample size of 50 participants was
achieved. The sample size was determined based on study
feasibility, expected patient availability, and evidence from
previous studies evaluating sarcopenia in orthopedic
populations.

Studygroups

Participants were classified into two groups based on pre-
operative CT-based sarcopenia assessment: The sarcopenic
group, comprising patients with reduced skeletal muscle mass
and/or low muscle attenuation, and the non-sarcopenic group,
comprising patients with normal muscle mass and quality. This
classification enabled comparison of clinical and functional
outcomes between the two groups.

Study parameters

Data collected included demographic variables (age, sex, and
body mass index), clinical variables (comorbidities, American
Society of Anesthesiologists [ASA] grade, and fracture

admitted patients who qualified for the study. Pre-operative CT
images were studied while muscle measurements were done at
specific anatomic locations such as the third lumbar vertebra or
psoas muscle site. Surgery was carried out using established
orthopedic methods. After surgery, treatment such as pain relief
and physical therapy were offered. Follow-ups were carried out
at regular intervals to check survival rates and functional
improvement.

Dataanalysis

Data were analyzed using IBM Statistical Package for the Social
Sciences software. Continuous variables were expressed as
mean * standard deviation, while categorical variables were
presented as frequencies and percentages. Comparisons
between sarcopenic and non-sarcopenic groups were
performed using the independent t-test and Chi-square test, as
appropriate. A P < 0.05 was considered statistically significant;
because of the relatively small sample size, multivariable
regression analysis was not performed, and the findings should
therefore be interpreted as unadjusted associations rather than
independent predictors.

Results

A total of 50 elderly patients undergoing hip fracture surgery
were included in the study. Based on pre-operative CT
assessment, 24 patients (48%) were classified as sarcopenic and
26 (52%) as non-sarcopenic. The majority of patients were aged
70-79 years, and a higher proportion of sarcopenic patients
were aged >80 years. Sarcopenic patients were more frequently
underweight and had higher ASA grades (III-IV), indicating
poorer pre-operative physiological status. The distribution of
fracture types was comparable between the groups, with
intertrochanteric fractures accounting for approximately 62%
ofcases (Table 1).

CT-based muscle assessment demonstrated significantly lower

type), and radiological parameters obtained from CT
imaging, including psoas muscle area, SMI, and muscle
attenuation. The primary outcome measure was post-
operative mortality. Muscle strength and physical

Table 1: Baseline characteristics of the study population

Sarcopenic

Non-sarcopenic

Variable (1=26) (%)

(n=24) (%)

performance tests, including handgrip strength and gait Age >80 years 8 (33.3) 7(26.9)
speed recommended by EWGSOP2, were not performed Mal 4 12 (58.3 13 (46.2
because acute hip fractures prevented reliable functional ae gen il (58.3) (46.2)
assessment before surgery. Secondary outcomes included Underweight BMI 8§ (33.3) 3(1.5)
post-operative complications, length of hospital stay, and | ASA grade III-TV 16 (66.7) 10 (38.5)
. . . . I h .
functional recovery assessed using the Harris Hip Score. ntertrochanteric 15 (62.5) 16 (61.5)
fracture
Study procedure ASA: American Society of Anesthesiologists, BMI: Body
mass index

Clinical and radiological examination was carried out on
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poorer functional recovery following hip fracture
CT-Based Muscle Parameters surgery.
45
40 Discussion
35
30 The present study demonstrated that pre-operative CT-
25 based sarcopenia is a significant predictor of mortality,
20 post-operative complications, and functional outcomes
15 in geriatric patients undergoing hip fracture surgery. In
10 this cohort of S0 patients, 24 (48%) were identified as
5
sarcopenic, which is comparable to the prevalence
,  mm ] penic, p p

Sarcopenic Non-Sarcopenic

m Psoas Muscle Area (cm?) m Muscle Attenuation (HU)

Figure 1: Comparison of computed tomography-based muscle parameters (psoas
muscleareaand muscle attenuation) between sarcopenic and non-sarcopenic patients.

psoas muscle area (3.8 £ 0.9 cm2 vs. 6.5 + 1.2 cm2; P < 0.001)
and muscle attenuation (28 + S Hounsfield Units [HU vs. 42 + 6
HU; P <0.001) among sarcopenic patients, confirming reduced
muscle quantity and quality (Fig. 1). Post-operative
complications occurred more frequently in the sarcopenic
group (58.3%vs.23.1%), and these patients experienced longer
hospital stays (12.5 + 3.2 days vs. 8.4 £ 2.1 days).

Mortality was substantially higher among sarcopenic patients,
with 33.3% mortality compared to 3.8% in the non-sarcopenic
group. Functional recovery was also inferior, as 50% of
sarcopenic patients demonstrated poor Harris Hip Scores
(<70), whereas more than half of non-sarcopenic patients
(53.8%) achieved good-to-excellent outcomes (>80) (Table 2,
Fig. 2). These findings indicate that pre-operative CT-defined
sarcopenia is strongly associated with increased post-operative
morbidity, prolonged hospitalization, higher mortality, and

Postoperative Outcomes: Sarcopenic vs Non-Sarcopenic

reported by Jiang et al,, [11] where 35.6% of elderly hip
fracture patients were diagnosed with sarcopenia using
the Asian Working Group for Sarcopenia 2019 criteria.
The slightly higher prevalence observed in the present
study may be attributed to differences in diagnostic
criteria and imaging parameters. Age-wise distribution
in the present study showed that 33.3% of sarcopenic
patients were aged >80 years, supporting the findings of Jiang et
al., [11], who reported that age >80 years significantly
contributed to adverse outcomes such as early post-operative
cognitive dysfunction (POCD) (odds ratio [OR] = 3.364).
This highlights that advanced age and sarcopenia often coexist
and synergistically worsen prognosis.

The CT-based muscle assessment in the present study revealed
significantly reduced psoas muscle area (3.8 £ 0.9 cm2) and
muscle attenuation (28 £+ § HU) in the sarcopenic group
compared to 6.5 + 1.2 cm2 and 42 £ 6 HU in the non-sarcopenic
group (P <0.001). These findings are consistent with Boutin et
al,, [12], who demonstrated that decreased muscle size and
attenuation on CT were significantly associated with reduced
survival, with thoracic muscle size showing an OR of 0.66 (95%
confidence interval [CI]: 0.49-0.87) and attenuation ranging
between OR 0.67-0.72 for mortality. This
agreement confirms that both muscle quantity and

G0
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quality are critical determinants of survival and
reinforces the validity of CT-based sarcopenia
assessment as a prognostic biomarker. Although
psoas muscle measurements are widely used as
practical imaging biomarkers of sarcopenia, they may
not fully reflect total skeletal muscle mass, and future
studies should incorporate whole-body or lumbar
skeletal muscle indices together with standardized
CT diagnostic thresholds.

Post-operative complications were markedly higher
in the sarcopenic group (58.3%) compared to the

non-sarcopenic group (23.1%) in the present study,
indicating a strong association between sarcopenia

Figure 2: Comparison of post-operative outcomes including complications, mortality, and 311d increased morbidity. Although Chang etal. [13]

functional recovery (Harris Hip score) between sarcopenicand non-sarcopenic groups.

did not directly quantify complication rates, their
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Table 2: Computed tomography-based muscle parameters
and post-operative outcomes
Parameter Sarcopenic OIS . P-value
sarcopenic
Psoas muscle area
) 3.8+0.9 6.5+1.2 <0.001
(cn’)
Muscle attenuation
+ + <0.
(Hounsfield Unity 283 426 0.001
Hospital stay (days) | 12.5£3.2 8.4+2.1 <0.001
Post-operative 5830% | 23.10% —
complications
Mortality 33.30% 3.80% —
Poor Harris Hip score 50.00% 15.40% o
(<70)

findings showed that low SMI and paraspinal muscle density
were independently associated with adverse surgical outcomes,
including prolonged hospitalization (P = 0.008 and P = 0.032,
respectively). These results are in concordance with the present
study, where sarcopenic patients had a significantly longer
hospital stay (12.5 + 3.2 days) compared to non-sarcopenic
patients (8.4 + 2.1 days), suggesting delayed recovery and
increased healthcare burden.

Mortality analysis in the present study revealed a substantial
difference between groups, with 33.3% mortality in the
sarcopenic group compared to only 3.8% in the non-sarcopenic
group. This finding strongly aligns with Veizi et al., [14], who
reported that sarcopenia was independently associated with
increased 1-year mortality (Hazard Ratio [HR]: 1.80, 95% CI:
1.04-3.13,P = 0.034), and sarcopenic obesity further increased
mortality risk (HR: 2.68). Similarly, Boutin et al. [12] reported
increasing mortality rates up to 79.5% at S years, with reduced
muscle mass and attenuation significantly associated with
decreased survival. These comparisons clearly validate the
present study findings and emphasize that sarcopenia is a
powerful independent predictor of mortality in elderly hip
fracture patients.

Functional outcome assessment in the present study using the
Harris Hip Score showed that 50% of sarcopenic patients had
poor outcomes (<70), while only 20.8% achieved good to
excellent recovery (>80), compared to 53.8% in the non-
sarcopenic group. These findings are indirectly supported by
Jung et al, [15], who demonstrated that significant post-
operative reductions in muscle mass of the iliopsoas and rectus
femoris were associated with impaired recovery and
emphasized the need for targeted rehabilitation strategies. The
decline in muscle mass observed postoperatively further
supports the notion that pre-existing sarcopenia can worsen
functional outcomesifnotaddressed early.

In addition, the association between sarcopenia and broader
post-operative complications is reinforced by Jiang et al., [11],
who reported that sarcopenia was independently associated
with early POCD with an odds ratio of 3.716 (95% CI:
1.618-8.814, P = 0.005).” Although cognitive outcomes were
not directly assessed in the present study, the significantly
higher complication rate (58.3%) in sarcopenic patients
suggests that sarcopenia contributes to both physical and
neurological post-operative decline.

Interestingly, while the present study demonstrated prolonged
hospital stay in sarcopenic patients, Veizi et al. [14] reported
that sarcopenia alone was not significantly associated with
prolonged hospitalization after adjustment for confounders.
This discrepancy may be due to differences in study design,
sample size (311 vs. 50), or adjustment factors. However, the
trend toward increased resource utilization in sarcopenic
patients remains clinically relevant.

Overall, the findings of the present study are in strong
agreement with existing literature, confirming that sarcopenia
assessed through CT imaging is a robust and reliable predictor
of adverse outcomes. Noteworthy differences in muscle
parameters (P < 0.001), mortality rate (33.3% vs. 3.8%),
incidence of complications (58.3% vs. 23.1%), and length of
hospitalization (12.5 vs. 8.4 days) serve as evidence to prove
that sarcopenia plays a crucial role as a prognostic factor.
Noteworthy, a CT-assessed diagnosis of this pathological
condition serves as an objective tool for identifying high-risk
patients. As shown by this study and confirmed by previous
findings, it can be concluded that the condition in question is
not only an indicator of aging but also a serious medical
condition with a directimpact on surgical outcome. Inclusion of
CT-assessed sarcopenia screening into pre-surgical protocol
would help to identify risks in time, apply appropriate
interventions, and thereby ensure better survival and recovery.

The strengths of this study include its prospective design and
objective CT-based assessment of muscle quantity and quality
using routinely available pre-operative imaging. However,
several limitations should be acknowledged. The relatively
small sample size (n = 50), single-center design, and short
follow-up period may have limited statistical power,
generalizability, and assessment of long-term outcomes. As an
observational study, it demonstrates associations rather than
causality, and selection bias may have been introduced because
only patients with available pre-operative CT scans were
included. Although baseline demographic and clinical variables
were assessed, important confounders such as nutritional
status, frailty, cognitive impairment, osteoporosis, and
socioeconomic factors were not fully adjusted for, and
multivariable regression analysis was not performed.
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Furthermore, CT assessment was primarily based on psoas
muscle measurements, which may not accurately represent
whole-body skeletal muscle mass, and the lack of standardized
CT cut-off values limits reproducibility. Muscle strength and
physical performance measures recommended by EWGSOP2,
including handgrip strength and gait speed, could not be
assessed because of the acute clinical condition of patients with
hip fractures. Interobserver and intraobserver reliability of CT
measurements was not evaluated, while heterogeneity in
fracture patterns, surgical procedures, rehabilitation protocols,
and perioperative care may have influenced outcomes.
Mortality analysis did not distinguish specific causes of death.
Therefore, larger multicenter studies with standardized imaging
protocols, comprehensive geriatric assessment, multivariable
analyses, and external validation are required to confirm the

prognostic value of CT-based sarcopenia assessment.

Conclusion

Although pre-operative CT-based sarcopenia assessment
appears to be a promising prognostic imaging biomarker,
further multicenter studies with larger sample sizes and
standardized diagnostic criteria are required before routine
clinicalimplementation.

Clinical Message

CT-derived sarcopenia assessment provides an objective and readily
available method for identifying high-risk elderly hip fracture
patients and may aid perioperative decision-making.
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