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Abstract: Surgical site infection (SSI) is a feared complication in spinal surgery, that leads to lower
outcomes and increased healthcare costs. Among its risk factors, sarcopenia and osteopenia have
recently attracted particular interest. The purpose of this article is to evaluate the influence of
sarcopenia and osteopenia on the postoperative infection rate in patients treated with posterior
fusion for degenerative diseases of the lumbar spine. This retrospective study included data from
308 patients. Charts were reviewed and central sarcopenia and osteopenia were evaluated through
magnetic resonance images (MRI), measuring the psoas to lumbar vertebral index (PLVI) and the M
score. Multivariate linear regression was performed to identify independent risk factors for infection.
The postoperative SSI rate was 8.4%. Patients with low PLVI scores were not more likely to experience
postoperative SSI (p = 0.68), while low M-score patients were at higher risk of developing SSI
(p = 0.04). However, they did not generally show low PLVI values (p = 0.5) and were homogeneously
distributed between low and high PLVI (p = 0.6). Multivariate analysis confirmed a low M score
to be an independent risk factor for SSI (p = 0.01). Our results suggest that osteopenia could have
significant impact on spinal surgery, and prospective studies are needed to better investigate its role.
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1. Introduction

Degenerative disease of the lumbosacral spine is a frequent cause of low back pain
and functional disability, often requiring surgical intervention [1,2]. Surgical Site Infection
(SSI) is a very frequent complication after spinal surgery, leading to a significant worsen-
ing of outcome and increases in morbidity and healthcare costs [1,2]. For these reasons,
interest has grown in identifying risk factors associated with SSI. Koutsoumbelis et al. [3]
studied a large cohort of patients and showed that the risk of postoperative infection can be
increased by surgical and patient-related factors [3]. The surgical factors identified include
a crowded operating theatre (>10 people), longer operative time, higher intraoperative
blood loss, and incidental durotomy [1-4]. Patient-related risk factors include older age,
more comorbidities, smoking, preoperative hospitalization >1 week, chronic opioid use,
and steroid use [5-7]. However, with an increasing elderly population, specific factors
should be considered in these patients to optimize surgical outcomes. Among risk fac-
tors, sarcopenia and osteopenia have recently attracted interest as part of the so-called
“fragility syndrome” [8]. Frailty has been strongly linked to postoperative complications
and mortality; its prevalence has been described in many studies and varies widely. The
largest cohort (53,080 patients undergoing a variety of spinal procedures) was analyzed by
Flexman et al. [9]: frailty was present in 4% of the total population and in 8% of patients
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older than 65 years. However, this percentage further increased in other cohorts, rising to
59% in adult deformity surgery [10] and 83% in patients with metastatic spine tumors [11].

Central sarcopenia, defined as a “syndrome of progressive and generalized loss of
muscle mass and strength”, is related to higher complication rates, longer length of stay, and
higher peri-operative morbidity and mortality, in both spinal and prosthetic surgery [12-14].
Osteopenia, defined as decreased bone mineral density and bone mass, and measured
by T score or Z score [15], is associated with vertebral fractures [16] and post-operative
mechanical complications [8,16,17]. Moreover, sarcopenia and osteopenia are closely related
to each other. In particular, the presence of reduced muscle mass is directly related to low
bone density [8,18-22]. This relation has been explained by demonstrating that bone
and muscle tissue interact reciprocally, acting as “endocrine targets” that communicate
through paracrine and endocrine substances, modulating their development and function
throughout the whole life of the patient [23-25] (Figure 1).
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Figure 1. Interactions between bone and muscle tissues. (A) Muscles and bones interact with each
other to ensure movement; (B) bone and muscles share common pathways involving inflammatory
cytokines and catabolic metabolites; (C) muscles line the bones constituting a functional unit. These
interactions could explain the common pathogenesis of sarcopenia, osteopenia, and frailty syndrome.

Common pathways involving inflammatory cytokines and anabolic and catabolic
metabolites, and the mechanical interaction ongoing during physical activity, may con-
tribute to the loss of muscle and bone mass. Preclinical and clinical data indicate the pres-
ence of many muscle-specific tissue factors that modulate bone tissue, such as insuline-like
growth factor (IGF)-1, fibroblast growth factor (FGF-2), interleukin (IL)-6, IL-15, myostatin,
osteoglycine, irisin, and ostoactivin [25,26]. The aforementioned factors contribute to and
are involved in the pathogenesis of sarcopenia, and are also regulators of bone remodeling
and therefore relevant to the reduction of bone mineral density [24]. Furthermore, osteope-
nia and sarcopenia are interrelated not only through these common molecular pathways
involving cytokines and metabolites, but also through the mechanical interaction generated
during physical activity.

To the best of the authors” knowledge, there are currently no studies that correlate
sarcopenia and osteopenia with rates of SSI after lumbar arthrodesis. Thus, the aim of the
present study was to evaluate the influence of sarcopenia and osteopenia on the postoper-
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ative infection rate in a cohort of patients treated with posterior fusion for degenerative
diseases of the lumbar spine.

2. Materials and Methods
2.1. Study Sample

After institutional review board approval (CE AVEC 208/2022/0Oss/IOR), a retrospec-
tive review was performed focusing on patients aged 50 to 85 with degenerative lumbar
spine disease treated with short posterior arthrodesis (3 levels or less) in our institution
over a 15-year period (2005-2020).

Patients with a history of traumatic or neoplastic spine diseases, those who had already
undergone spinal surgery in the past, and those with degenerative or idiopathic scoliosis
were excluded. Patients without available imaging or who did not complete a minimum
2-year follow-up were also excluded.

2.2. Data Collection

Medical charts of the included patients were obtained and analyzed. Demographic
data, age, gender, smoking history, Charlson Comorbidity Index (CCI), American Society
of Anesthesiology (ASA) score, body mass index (BMI), and length of stay were collected.
Postoperative infectious complications were recorded. Diagnosis of SSI was made by
an infectious disease specialist based on clinical data, radiographic findings, blood tests,
and/or documented positive culture obtained at the time of revision or debridement
surgery, up to 2 years from the primary procedure.

Through magnetic resonance images (MRI), central sarcopenia and osteopenia were
evaluated for every patient, measuring the psoas to lumbar vertebral index (PLVI) [27] and
the M score [28], respectively.

The PLVI, a recently validated index of central sarcopenia [27], was measured by
dividing the average cross-sectional area (CSA) of the psoas muscle by the average area of
the L4 vertebrae, as described in previous studies [14,27]: PLVI = (left psoas CSA + right
psoas CSA)\2\L4 vertebral body CSA (Figure 2).

The CSA values were measured on a single axial plane cut at the level of L4 pedicles.

M score is a recently described [28] quantitative score of bone mass density. Routine
lumbar spine MRIs was used to evaluate sagittal TIW spin-echo sequencing, appropriate
for bone marrow assessment. A region of interest (ROI) (TR =7, TE = 400-600, slice
thickness = 4 mm, fov = 280 mm, matrix = 320 x 320), was applied manually as a circle in
the vertebral bodies, from L1 to L4, excluding abnormalities, pathology, focal hemangiomas,
and possible venous plexus. A ROI was also placed outside the patient to measure the noise,
and signal-to-noise ratio (SNRp 1_14) was obtained by dividing the intravertebral intensity
by the standard deviation of the noise. The mean (SNRy ;1 4) and standard deviation (SD,.¢)
of the reference population were then used and the M score was obtained according to the
formula: M score = (SNRy 114 — SNR;ef)\SD ¢ (Figure 3).

All measurements were taken independently by two authors (MM, TC), both blinded
to the other’s measurements and to the patient’s name. After checking for data accuracy
and inconsistent results, the averages of the two authors” measurements were recorded.

Patients were initially stratified into high and low PLVI groups, with the mean value
(0.71) to identify the baseline, and then into quartiles; the same stratification was performed
for M-score values, with the mean value 0 as baseline.

In addition, another statistical analysis was performed to stratify patients according to
their postoperative status: infectious vs. non-infectious.
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Figure 2. Examples of high (left) and low (right) PLVIs. (A) Example of high PLVI values in an
MRI of the spine in axial view; (B) example of low PLVI values in an MRI of the spine in axial
view; (C) example drawing of a non-sarcopenic psoas muscle (high PLVI); (D) example drawing of a
sarcopenic psoas muscle (low PLVI).

2.3. Statistical Analysis

Parametric testing was carried out to compare samples in terms of continuous variables
and normal distribution. The Shapiro-Wilk test was applied to verify normal distribution.
The Levene test was employed to analyze homogeneity of the variances. For the parametric
test, we used the 2-tailed Student’s t-test to compare the average of the variables for ho-
moscedastic unpaired groups, and the Welch t-test for non-homoscedastic unpaired groups.
For the nonparametric test, we used the 2-tailed Mann-Whitney U test for unpaired groups.

“Post hoc” power analysis was not performed, because it has recently been declared
an improper statistical tool for use in retrospective studies, and has been used to discredit
the non-significance of evidence obtained [29].

Multivariate linear regression was performed to identify independent risk factors
for infection.

p values < 0.05 were considered significant. All statistical analyses were performed
using the Statistical Package for Social Science (IBM SPSS Statistics for Windows, Version
26.0; IBM Corp., Armonk, NY, USA).
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Figure 3. Examples of a high (left) and low (right) M scores. (A) Example of high M-score values in
an MRI of the spine in sagittal view; (B) example of low M-score values in an MRI of the spine in
sagittal view; (C) example drawing of a non-osteopenic spine (high M score); (D) example drawing
of an osteopenic spine (low M score).

3. Results
3.1. Demographic Data

A total of 308 patients (148 males, 48%, and 160 females, 52%) met the inclusion criteria.
Mean age at surgery was 63.8 (range 51 to 82) and mean follow-up was 45.6 (range 24 to 124).
Mean PLVI was 0.71 (range 0.18 to 1.54) and mean M score was 0 (range —1.74 to + 3.18).
Baseline characteristics are summarized in Table 1.

Postoperative surgical site infection (SSI) was diagnosed in 26/308 patients (8.4%), at
an average time of 30 days after surgery (range 14 to 43).

The responsible bacteria were Methicillin-susceptible Staphylococcus aureus in twelve
cases (46.1%), Methicillin-resistant S. aureus in six cases (23.1%), Enterobacter cloacae in four
cases (15.4%) and Escherichia coli in four cases (15.4%).
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Table 1. Baseline characteristic differences for high vs. low PLVI groups, for high vs. low M-score

groups, and for non-SSI vs. SSI groups.

Characteristics Total Low M Score High M Score p Value Low PLVI High PLVI p Value Non-SSI SSI p Value
n 308 213 95 153 155 282 2

Age at surgery (y. mean.£SD) 638+ 6.2 64+ 6.4 623 +5.36 0.05* 65.3 + 6.38 623457 0.012* 63.6 +5.98 65.9 +7.96 0.002*
Gender (F) 160 9% 38 054 112 48 <0.01* 142 18 0.08
Diabetes mellitus (yes. n) 28 20 8 0.04% 14 14 1 4 24 027
E‘}:::_si“sg’)m"'b‘d"y Index (n. 257436 2554134 254+ 164 0.98 2774158 232+ 1.02 0.015* 2494135 338419 <0.01*
American Society of Anesthesiology 208 + 0.6 2,06 + 0.58 1.91 + 0.61 0.07 2,06 + 0.58 202+ 0.6 032 201 +0.56 231+ 0.74 007
score (n. mean.+ SD)

Body mass index (n. mean.= SD) 265+ 62 267 436 258435 007 27435 259 436 0.85 266 +3.6 265 +42 098
Smoking (yes. n) 74 44 30 073 28 46 0.016* 64 10 0.08
Length of stay (day. mean.+ SD) 111+ 127 123 +159 86+217 0.14 1223 +17.1 101 455 057 978 + 48 254 + 383 027
Operative time (min. mean= SD) 1933 + 59 190 + 180 204 + 190 0.06 185.1 + 625 197.4 + 573 025 192 +59.1 208 + 58.1 024
PLVI (mean.+ SD) 0.71+0.18 0.72 +1.19 07+0.19 05 0.55 + 0.1 0.88 +0.2 <0.01* 071 +02 0.75 + 0.62 024
PLVI (low n) 153 110 3 0.6 141 12 0.7
M score (mean.+ SD) 0+128 047 + 429 127 + 81 <0.01% 0.06 +1.02 —0.06+1 0.36 0.03 + 1.02 ~0.20 +0.62 029
M score (low n) 213 135 78 0.6 193 20 0.04%
Infection (n. %) 8.4% 76.9% 22.9% 0.04*

Bold and *: the statistically significant results.

3.2. High vs. Low PLVI Patients

Of the included patients, 153 had low PLVI (LPLVIs) and 155 had high PLVI (HPLVIs).
The two groups were significantly different in some of their baseline characteristics. Low
PVI patients were more frequently older (65.3 £ 6.3 vs. 62.3 £ 5.6, p < 0.01), female
(112/153 vs. 48/155, p = 0.016), with a smoking history (46/153 vs. 28/155, p = 0.016), and
a higher Charlson Comorbidity Index (CCI, 2.7 £ 1.6 vs. 2.3 = 1.02 p = 0.015). Moreover,
LPLVIs had longer lengths of stay (12.2 £ 17.1 vs. 10.1 = 5.5, p = 0.57) and operative times
(185.1 £ 62.5 min vs. 197.41 £ 57.3 min, p = 0.25). However, low PLVI patients were not
more likely to experience postoperative SSI (14/138 vs. 12/140, p = 0.68).

3.3. High vs. Low M-Score Patients

High and low M-score patients were significantly different in the following character-
istics: low M-score patients were older (64 & 6.4 vs. 62.3 & 5.36; p = 0.05), more often had
diabetes (68/166 vs. 2/20, p = 0.04), with higher ASA scores (2.06 & 0.58 vs. 1.91 & 0.61,
p =0.07), and BMI (26.7 &+ 3.7 vs. 25.8 = 3.5, p = 0.07).

Moreover, low M-score patients were at higher risk of developing SSI (10/95 vs. 1/35;
p = 0.04). However, they did not show lower PLVI values (0.72 £ 0.2 vs. 0.70 £ 0.2, p = 0.5)
and were homogeneously distributed between low and high PLVI (34/98 vs. 36/90; p = 0.6).

3.4. Infectious Status

The postoperative SSI rate in our cohort was 8.4% (26/308). When stratifying for post-
operative SSI state, some baseline characteristics showed statistically significant differences:
patients in the infected group were older (65.9 £ 7.9 vs. 63.6 = 5.9, p = 0.002) and had
higher CCI scores (3.4 = 1.9 vs. 2.49 4 1.35, p < 0.001).

However, the infected group did not differ in terms of average PLVI (0.75 & 0.2 vs.
0.71 £ 0.19, p = 0.24) or M score (0.03 &+ 1.02 vs. —0.20 £ 0.62, p = 0.29) when compared
with the noninfected group. Therefore, while increasing age and higher CCI acted as risk
predictors of postoperative SSI, the patients” PLVI and M scores did not.

3.5. Multivariate Analysis

Multivariate linear regression (Table 2 and Figure 4) confirmed that M score was an
independent risk factor for infection (p = 0.01), as were length of stay (p < 0.001), age at
surgery (p = 0.02), CCI (p = 0.001), and ASA score (p = 0.03).
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Table 2. Multivariate linear regression of risk factors for infection. F = female, PVLI = psoas to lumbar
vertebral index. Length of stay, age, comorbidity index, ASA score and M score were independent
risk factors for infection.

Estimate 95% CI Lower 95% CI Upper p Value
Age at surgery —0.00254 —0.41195 —0.03125 0.02
Gender (F) 0.03353 —0.05728 0.12435 0.47
Length of stay 0.00617 0.00351 0.00884 <0.001
Diabetes mellitus (yes) —0.02197 —0.17905 0.13531 0.78
Charlson Comorbidity Index 0.06126 0.02435 0.09818 0.001
American Society of Anesthesiology score —0.08545 —0.16355 —000734 0.03
Body mass index 0.01468 0.00317 0.02619 0.01
Smoking (yes) —0.03029 —0.11970 0.05912 0.5
PLVI 0.30726 —0.06288 0.67739 0.10
M score —0.16560 —0.30195 —0.02925 0.01

Bold: the statistically significant results.

Figure 4. Multivariate linear regression analysis results.

4. Discussion

With an incidence that ranges from 0.2% to 16%, surgical site infection (SSI) is consid-
ered the third most common complication following spinal surgery [1,2,30].

Its treatment can require prolonged antibiotic therapy, multiple revision surgeries, long
hospitalization, and even advanced soft-tissue reconstruction [1,2,19]. Therefore, under-
standing specific risk factors for SSI following spinal surgery is of paramount importance
for surgeons and patients.

In this study we evaluated whether sarcopenia and osteopenia are risk factors for
postoperative infection after short lumbar spinal fusion for degenerative diseases. Our
findings were twofold: first, sarcopenia (low PLVI) and osteopenia (low M score) were not
correlated with each other; second, while a low M score correlated with an increased risk
of SSI, a low PLVI did not. The first finding is surprising. The interaction between bone
and muscle tissue has been widely demonstrated, and some authors have hypothesized
that sarcopenia and osteopenia share the same pathophysiology, through common molec-
ular factors, hormonal imbalances, and increased cytokine activity, leading to physical
decay [23-26]. A possible explanation for this result is that only PLVI and M score were
used to define central sarcopenia and osteopenia, respectively. Moreover, PLVI is a measure
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of volume while M score is a measure of bone mass density; therefore, their trends can be
difficult to compare.

Regarding the second finding, while the relationship between osteopenia and mechan-
ical complications after lumbar arthrodesis has been widely described [8,16,17], currently
no studies are available that analyze the incidence of postoperative SSI in relation to M-
score values. However, our results are in line with those of other authors who identified
the presence of osteoporosis (diagnosed with preoperative DEXA) as a risk factor for SSI.
Lai et al. [31] conducted a retrospective multivariate analysis to analyze the risk factors
for acute SSI following lumbar surgery, and found that patients with osteoporosis had an
increased risk of postoperative infection. Similarly, Koutsoumbelis et al. [3] examined the
medical records of 3218 patients who underwent posterior lumbar fixation, and identified
those who developed postoperative infection: osteoporosis was significantly associated
with postoperative infection in the results of the multivariate analysis. However, both
of these studies included different surgical procedures (anterior, posterior, or combinate
approaches) for several diseases (scoliosis, fractures, tumors); moreover, the presence of
osteoporosis was not quantified, but only presented as categorical data (yes/no).

Considering PLVI, our results stand in contrast with those of other authors, who de-
scribed sarcopenia as a risk factor for postoperative SSI [32,33]. Bokshan et al. [32] evaluated
46 patients and found that sarcopenic patients had a threefold increase in perioperative
complications after thoracolumbar surgery. Similarly, Zakaria et al. [33] evaluated 395
patients undergoing posterior lumbar fusion, finding that those with lower psoas muscle
area had increased risk of postoperative complications (including SSI). However, SSI was
not the only focus of these studies; any kind of severe postoperative complication was
considered. Patients were not stratified by indication (degenerative, infection, tumor, or
trauma) or surgical procedure (any lumbar spine surgery was included, such as multilevel
operations and/or revision surgery). Another important difference between the present
research and the previously cited studies was the choice of limited age range (50-85), which
helped to identify sarcopenia and osteopenia as pathological entities separate from the
physiological mass loss in muscle and bone associated with senescence. Zakaria et al. [33]
included patients of any age, with an average age similar to our patients (63.3 years) but an
extremely high SD (£12.48, range 23-88 years). Bokshan et al. [32] included any patient
older than 55 years, obtaining a high difference in average age between sarcopenic and
nonsarcopenic groups (76.4 vs. 69.9 years).

Regarding our results for baseline characteristics, not surprisingly, age was the only
factor related to low PLVI and M-score values as well as infection rate. Furthermore, a high
CCI score was significantly associated with infection risk (p < 0.01). This findings are in
line with the current literature, where the negative impact of comorbidities (CCI) on the
outcome of spinal surgery has been widely demonstrated [13,34-36].

This study had several limitations, first its retrospective nature. Prospective studies
are needed to assess the roles of sarcopenia and osteopenia and their effects on the outcome
of lumbar surgery. Another limitation is that only PLVI and M score were employed to
measure the central sarcopenia and bone mass density, although several other methods
are available, such as measurement of muscular strength and of physical performance for
sarcopenia [37], and DEXA for bone mass density. However, these tests of course cannot
be performed retrospectively and results may be altered in patients undergoing spinal
surgery, due to neurological symptoms and muscle weakness. Additional concerns may
arise regarding the secondary involvement of the psoas muscle in the context of atrophy
caused by wasting accompanying chronic low back pain, affecting its ability to act as a
systemic indicator of sarcopenia. However, the literature shows that psoas involvement is
ancillary, identifying only the paraspinal muscles (particularly the multifidus) as the main
subjects of atrophy.
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5. Conclusions

Our results indicate that a low M score is a risk factor for SSI, while a low PLVI is
not. This confirms that osteopenia could have a great impact on spinal surgery outcomes;
however, prospective studies are needed to better investigate the role of muscle and bone
tissue quality in predicting outcomes in patients undergoing spinal surgery.

Author Contributions: Conceptualization, C.F. and M.F,; methodology, EB. and M.M.; software, M.M.;
validation, A.R., M.T. and G.V,; formal analysis, EB. and M.M.; investigation, M.M. and T.C.; resources,
M.F; data curation, ES.; writing—original draft preparation, M.M.; writing—review and editing, EB. and
M.M,; visualization, M.M. and T.C.; supervision, A.R.; project administration, C.F,; funding acquisition,
M.E. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by the Italian Ministry of Health—Ricerca Corrente to IRCCS
Istituto Ortopedico Rizzoli and by 5X1000 2019 project entlited “Malattie muscolo scheletriche: dalla
analisi fisiopatologica dei tessuti alla proposta di nuove strategie terapeutiche anche attraverso 1'uso
di algoritmi di Intelligenza Artificiale per una medicina di precisione” (PRWEB: 2021/730571).

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

Lonjon, G.; Dauzac, C.; Fourniols, E.; Guigui, P.; Bonnomet, E; Bonnevialle, P. Early Surgical Site Infections in Adult Spinal
Trauma: A Prospective, Multicentre Study of Infection Rates and Risk Factors. Orthop. Traumatol. Surg. Res. 2012, 98, 788-794.
[CrossRef] [PubMed]

Lee, M.J.; Cizik, A.M.; Hamilton, D.; Chapman, ].R. Predicting Surgical Site Infection after Spine Surgery: A Validated Model
Using a Prospective Surgical Registry. Spine J. 2014, 14, 2112-2117. [CrossRef] [PubMed]

Koutsoumbelis, S.; Hughes, A.P; Girardi, EP.; Cammisa, EP; Finerty, E.A.; Nguyen, ].T.; Gausden, E.; Sama, A.A. Risk Factors for
Postoperative Infection Following Posterior Lumbar Instrumented Arthrodesis. J. Bone Jt. Surg. 2011, 93, 1627-1633. [CrossRef]
[PubMed]

Tykocki, T.; Poniatowski, £.A.; Czyz, M.; Wynne-Jones, G. Oblique Corpectomy in the Cervical Spine. Spinal Cord 2017, 56, 426—435.
[CrossRef]

Pirkle, S.; Reddy, S.; Bhattacharjee, S.; Shi, L.L.; Lee, M.]. Chronic Opioid Use Is Associated With Surgical Site Infection After
Lumbar Fusion. Spine 2020, 45, 837-842. [CrossRef]

Puvanesarajah, V.; Nourbakhsh, A.; Hassanzadeh, H.; Shimer, A.L.; Shen, EH.; Singla, A. Readmission Rates, Reasons, and Risk
Factors in Elderly Patients Treated With Lumbar Fusion for Degenerative Pathology. Spine 2016, 41, 1933-1938. [CrossRef]
Kubaszewski, L.; Wojdasiewicz, P.; Rozek, M.; Slowinska, LE.; Romanowska-Préchnicka, K.; Slowinski, R.; Poniatowski, L.A;
Gasik, R. Syndromes with Chronic Non-Bacterial Osteomyelitis in the Spine. Reumatologia 2015, 53, 328-336. [CrossRef]

Greco, E.A.; Pietschmann, P.; Migliaccio, S. Osteoporosis and Sarcopenia Increase Frailty Syndrome in the Elderly. Front.
Endocrinol. 2019, 10, 255. [CrossRef]

Flexman, A.M.; Charest-Morin, R.; Stobart, L.; Street, ].; Ryerson, C.J. Frailty and Postoperative Outcomes in Patients Undergoing
Surgery for Degenerative Spine Disease. Spine J. 2016, 16, 1315-1323. [CrossRef]

Reid, D.B.C; Daniels, A.H.; Ailon, T.; Miller, E.; Sciubba, D.M.; Smith, J.S.; Shaffrey, C.L; Schwab, F; Burton, D.; Hart, R.A ; et al. Frailty
and Health-Related Quality of Life Improvement Following Adult Spinal Deformity Surgery. World Neurosurg. 2018, 112, e548—e554.
[CrossRef]

De la Garza Ramos, R.; Goodwin, C.R;; Jain, A.; Abu-Bonsrah, N.; Fisher, C.G.; Bettegowda, C.; Sciubba, D.M. Development of
a Metastatic Spinal Tumor Frailty Index (MSTFI) Using a Nationwide Database and Its Association with Inpatient Morbidity,
Mortality, and Length of Stay After Spine Surgery. World Neurosurg. 2016, 95, 548-555.e4. [CrossRef] [PubMed]

Cruz-Jentoft, A.J.; Landi, F; Schneider, S.M.; Zuiiga, C.; Arai, H.; Boirie, Y.; Chen, L.K,; Fielding, R.A.; Martin, F.C.; Michel,
J.; et al. Prevalence of and Interventions for Sarcopenia in Ageing Adults: A Systematic Review. Report of the International
Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing 2014, 43, 48-759. [CrossRef] [PubMed]

Puvanesarajah, V.; Jain, A.; Kebaish, K.; Shaffrey, C.I,; Sciubba, D.M.; De La Garza-Ramos, R.; Khanna, A.J.; Hassanzadeh, H. Poor
Nutrition Status and Lumbar Spine Fusion Surgery in the Elderly: Readmissions, Complications, and Mortality. Spine 2017, 42, 979-983.
[CrossRef] [PubMed]

Babu, ].M.; Kalagara, S.; Durand, W.; Antoci, V.; Deren, M.E.; Cohen, E. Sarcopenia as a Risk Factor for Prosthetic Infection After
Total Hip or Knee Arthroplasty. J. Arthroplast. 2019, 34, 116-122. [CrossRef] [PubMed]

Kanis, J.A.; Johnell, O.; Oden, A.; Jonsson, B.; De Laet, C.; Dawson, A. Risk of Hip Fracture According to the World Health
Organization Criteria for Osteopenia and Osteoporosis. Bone 2000, 27, 585-590. [CrossRef]


http://doi.org/10.1016/j.otsr.2012.07.006
http://www.ncbi.nlm.nih.gov/pubmed/23044465
http://doi.org/10.1016/j.spinee.2013.12.026
http://www.ncbi.nlm.nih.gov/pubmed/24456678
http://doi.org/10.2106/JBJS.J.00039
http://www.ncbi.nlm.nih.gov/pubmed/21915578
http://doi.org/10.1038/s41393-017-0008-4
http://doi.org/10.1097/BRS.0000000000003405
http://doi.org/10.1097/BRS.0000000000001631
http://doi.org/10.5114/reum.2015.57639
http://doi.org/10.3389/fendo.2019.00255
http://doi.org/10.1016/j.spinee.2016.06.017
http://doi.org/10.1016/j.wneu.2018.01.079
http://doi.org/10.1016/j.wneu.2016.08.029
http://www.ncbi.nlm.nih.gov/pubmed/27544340
http://doi.org/10.1093/ageing/afu115
http://www.ncbi.nlm.nih.gov/pubmed/25241753
http://doi.org/10.1097/BRS.0000000000001969
http://www.ncbi.nlm.nih.gov/pubmed/27831968
http://doi.org/10.1016/j.arth.2018.09.037
http://www.ncbi.nlm.nih.gov/pubmed/30337254
http://doi.org/10.1016/S8756-3282(00)00381-1

Microorganisms 2022, 10, 1905 10 of 10

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Khalid, S.I; Nunna, R.S.; Maasarani, S.; Belmont, E.; Deme, P.; Chilakapati, S.; Eldridge, C.; Singh, R.; Bagley, C.A.; Adogwa,
O. Association of Osteopenia and Osteoporosis with Higher Rates of Pseudarthrosis and Revision Surgery in Adult Patients
Undergoing Single-Level Lumbar Fusion. Neurosurg. Focus 2020, 49, 1-7. [CrossRef]

Bjerke, B.T.; Zarrabian, M.; Aleem, LS.; Fogelson, J.L.; Currier, B.L.; Freedman, B.A.; Bydon, M.; Nassr, A. Incidence of
Osteoporosis-Related Complications Following Posterior Lumbar Fusion. Glob. Spine . 2018, 8, 563-569. [CrossRef]

Ensrud, K.E.; Ewing, S.K,; Taylor, B.C.; Fink, H.A.; Cawthon, PM.; Stone, K.L.; Hillier, T.A.; Cauley, ].A.; Hochberg, M.C.; Rodondi,
N.; et al. Comparison of 2 Frailty Indexes for Prediction of Falls, Disability, Fractures, and Death in Older Women. Arch. Intern.
Med. 2008, 168, 382-389. [CrossRef]

Gielen, E.; Bergmann, P; Bruyere, O.; Cavalier, E.; Delanaye, P.; Goemaere, S.; Kaufman, ].M.; Locquet, M.; Reginster, ].Y.; Rozenberg,
S.; et al. Osteoporosis in Frail Patients: A Consensus Paper of the Belgian Bone Club. Calcif. Tissue Int. 2017, 101, 111-131. [CrossRef]
Coin, A.; Perissinotto, E.; Enzi, G.; Zamboni, M.; Inelmen, E.M.; Frigo, A.C.; Manzato, E.; Busetto, L.; Buja, A.; Sergi, G. Predictors
of Low Bone Mineral Density in the Elderly: The Role of Dietary Intake, Nutritional Status and Sarcopenia. Eur. J. Clin. Nutr.
2007, 62, 802-809. [CrossRef]

Verschueren, S.; Gielen, E.; O'Neill, TW.; Pye, SR,; Adams, J.E.; Ward, K.A,; Wu, EC,; Szulc, P,; Laurent, M.; Claessens, F; et al.
Sarcopenia and Its Relationship with Bone Mineral Density in Middle-Aged and Elderly European Men. Osteoporos. Int. 2013, 24, 87-98.
[CrossRef] [PubMed]

He, H,; Liu, Y,; Tian, Q.; Papasian, C.J.; Hu, T.; Deng, H.W. Relationship of Sarcopenia and Body Composition with Osteoporosis.
Osteoporos. Int. 2016, 27, 473-482. [CrossRef] [PubMed]

Reginster, ].Y.; Beaudart, C.; Buckinx, E; Bruyere, O. Osteoporosis and Sarcopenia: Two Diseases or One? Curr. Opin. Clin. Nutr.
Metab. Care 2016, 19, 31. [CrossRef] [PubMed]

Tagliaferri, C.; Wittrant, Y.; Davicco, M.J.; Walrand, S.; Coxam, V. Muscle and Bone, Two Interconnected Tissues. Ageing Res. Rev.
2015, 21, 55-70. [CrossRef] [PubMed]

Girgis, C.M.; Mokbel, N.; DiGirolamo, D.J. Therapies for Musculoskeletal Disease: Can We Treat Two Birds with One Stone? Curr.
Osteoporos. Rep. 2014, 12, 142-153. [CrossRef] [PubMed]

Laurent, M.R.; Dubois, V.; Claessens, F.; Verschueren, S.M.; Vanderschueren, D.; Gielen, E.; Jardi, F. Muscle-Bone Interactions:
From Experimental Models to the Clinic? A Critical Update. Mol. Cell. Endocrinol. 2016, 432, 14-36. [CrossRef]

Ebbeling, L.; Grabo, D.J.; Shashaty, M.; Dua, R.; Sonnad, S.S.; Sims, C.A.; Pascual, J.L.; Schwab, C.W.; Holena, D.N. Psoas:Lumbar
Vertebra Index: Central Sarcopenia Independently Predicts Morbidity in Elderly Trauma Patients. Eur. ]. Trauma Emerg. Surg.
2014, 40, 57. [CrossRef]

Saad, M.M.; Ahmed, A.T.; Mohamed, K.E.; Habba, M.R. Role of Lumbar Spine Signal Intensity Measurement by MRI in the
Diagnosis of Osteoporosis in Post-Menopausal Women. Egypt. J. Radiol. Nucl. Med. 2019, 50, 1-7. [CrossRef]

Hoenig, ]. M.; Heisey, D.M. The Abuse of Power: The Pervasive Fallacy of Power Calculations for Data Analysis. Am. Stat. 2001,
55, 19-24. [CrossRef]

Abdul-Jabbar, A.; Takemoto, S.; Weber, M.H.; Hu, S.S.; Mummaneni, P.V.; Deviren, V.; Ames, C.P.; Chou, D.; Weinstein, PR.;
Burch, S.; et al. Surgical Site Infection in Spinal Surgery: Description of Surgical and Patient-Based Risk Factors for Postoperative
Infection Using Administrative Claims Data. Spine 2012, 37, 1340-1345. [CrossRef]

Lai, Q.; Song, Q.; Guo, R;; Bi, H; Liu, X,; Yu, X,; Zhu, J.; Dai, M.; Zhang, B. Risk Factors for Acute Surgical Site Infections after
Lumbar Surgery: A Retrospective Study. J. Orthop. Surg. Res. 2017, 12, 1-7. [CrossRef] [PubMed]

Bokshan, S.L.; Han, A.L.; De Passe, ].M.; Eltorai, A.E.M.; Marcaccio, S.E.; Palumbo, M.A_; Daniels, A.H. Effect of Sarcopenia
on Postoperative Morbidity and Mortality after Thoracolumbar Spine Surgery. Orthopedics 2016, 39, e1159—-e1164. [CrossRef]
[PubMed]

Zakaria, HM.; Schultz, L.; Mossa-Basha, F.; Griffith, B.; Chang, V. Morphometrics as a Predictor of Perioperative Morbidity after
Lumbar Spine Surgery. Neurosurg. Focus 2015, 39, E5. [CrossRef] [PubMed]

Mannion, A.F,; Fekete, T.F.; Porchet, F.; Haschtmann, D.; Jeszenszky, D.; Kleinsttick, E.S. The Influence of Comorbidity on the
Risks and Benefits of Spine Surgery for Degenerative Lumbar Disorders. Eur. Spine J. 2014, 23, 66-71. [CrossRef]

Martin, C.T.; Pugely, A.].; Gao, Y.; Mendoza-Lattes, S.A.; Weinstein, S.L. The Impact of Renal Impairment on Short-Term Morbidity
Risk Following Lumbar Spine Surgeries. Spine 2015, 40, 909-916. [CrossRef]

Martin, C.T.; Gao, Y.; Duchman, K.R.; Pugely, A.]. The Impact of Current Smoking and Smoking Cessation on Short-Term
Morbidity Risk after Lumbar Spine Surgery. Spine 2016, 41, 577-584. [CrossRef]

Cruz-Jentoft, A.J.; Bahat, G.; Bauer, ].; Boirie, Y.; Bruyére, O.; Cederholm, T.; Cooper, C.; Landi, F,; Rolland, Y.; Sayer, A.A.; et al.
Sarcopenia: Revised European Consensus on Definition and Diagnosis. Age Ageing 2019, 48, 16-31. [CrossRef]


http://doi.org/10.3171/2020.5.FOCUS20289
http://doi.org/10.1177/2192568217743727
http://doi.org/10.1001/archinternmed.2007.113
http://doi.org/10.1007/s00223-017-0266-3
http://doi.org/10.1038/sj.ejcn.1602779
http://doi.org/10.1007/s00198-012-2057-z
http://www.ncbi.nlm.nih.gov/pubmed/22776861
http://doi.org/10.1007/s00198-015-3241-8
http://www.ncbi.nlm.nih.gov/pubmed/26243357
http://doi.org/10.1097/MCO.0000000000000230
http://www.ncbi.nlm.nih.gov/pubmed/26418824
http://doi.org/10.1016/j.arr.2015.03.002
http://www.ncbi.nlm.nih.gov/pubmed/25804855
http://doi.org/10.1007/s11914-014-0204-5
http://www.ncbi.nlm.nih.gov/pubmed/24633910
http://doi.org/10.1016/j.mce.2015.10.017
http://doi.org/10.1007/s00068-013-0313-3
http://doi.org/10.1186/s43055-019-0046-3
http://doi.org/10.1198/000313001300339897
http://doi.org/10.1097/BRS.0b013e318246a53a
http://doi.org/10.1186/s13018-017-0612-1
http://www.ncbi.nlm.nih.gov/pubmed/28724387
http://doi.org/10.3928/01477447-20160811-02
http://www.ncbi.nlm.nih.gov/pubmed/27536954
http://doi.org/10.3171/2015.7.FOCUS15257
http://www.ncbi.nlm.nih.gov/pubmed/26424345
http://doi.org/10.1007/s00586-014-3189-y
http://doi.org/10.1097/BRS.0000000000000890
http://doi.org/10.1097/BRS.0000000000001281
http://doi.org/10.1093/ageing/afy169

	Introduction 
	Materials and Methods 
	Study Sample 
	Data Collection 
	Statistical Analysis 

	Results 
	Demographic Data 
	High vs. Low PLVI Patients 
	High vs. Low M-Score Patients 
	Infectious Status 
	Multivariate Analysis 

	Discussion 
	Conclusions 
	References

