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Background: Posterior lumbar fusion (PLF) is frequently considered for various spinal pathologies. While many 

outcome metrics have been assessed, to our knowledge, there has yet to be literature specifically investigating 

inpatient falls (IPFs) and its risk factors. 

Methods: Adult patients who underwent single-level PLF were abstracted from the 2010–Q1 2022 M161Ortho 

PearlDiver Database. Patients who had an IPF were determined based on administrative coding. Various patient 

variables were extracted and variables independently associated with IPFs were assessed with multivariate logistic 

regression. Incidence of secondary injuries and cost incurred related to the IPF were determined. 

Results: Of the 342,890 patients who underwent PLF, IPF was identified for 4,379 (1.4%). Independent predic- 

tors of an IPF in decreasing odds ratio (OR) order were those with: active psychosis (OR = 3.35), active delirium 

(OR = 2.83), history of falling (OR = 2.47), commercial insurance (OR = 1.59 relative to Medicare), Medicaid insur- 

ance (OR = 1.47 relative to Medicare), dementia (OR = 1.17), older age (OR = 1.12 per decade), alcohol use disorder 

(O = 1.11), higher comorbidity (OR = 1.08 per Elixhauser comorbidity index point) (p < .05 for each). 

Of patients with IPF, 44 (1.0%) sustained a head injury, and 42 (1.0%) sustained a fracture. On average, those 

with IPF incurred greater inpatient costs compared to patients who did not ($36,865 vs. $33,921, p < .001). 

Conclusion: In this national sample of patients who underwent single-level PLF, postoperative IPFs were identified 

for 1.4% and were associated with defined patient variables. These findings have potential patient outcome, 

financial, and medicolegal implications and should help guide refinement of fall prevention programs. 
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Posterior lumbar fusion (PLF) is frequently considered for various

pinal pathologies [ 1 , 2 ]. While many outcome metrics have been as-

essed [ 3–6 ], postoperative inpatient falls (IPFs) have not been thor-

ughly investigated in this patient population. 

The incidence of inpatient falls across hospitals and units has been

ound to range from 0.9% to 2.0% [ 7–9 ]. Kobayashi et al. found that

rthopaedic patients were the most likely to suffer a fall than any other

atient in the hospital [ 10 ]. This may be attributed to impaired walking,

ain with mobilization, and weakness [ 11 ]. 

It has been estimated that approximately 30% of IPFs result in minor

njury, while nearly 8% result in moderate to severe injury [ 12 , 13 ].
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rthopedics patients being shown to be at nearly 4-fold increased risk

or serious postoperative adverse events after experiencing an inpatient

all [ 7 ]. Further, IPFs have been associated with extended hospital stays,

igher healthcare costs, and poorer long-term outcomes [ 14 ]. 

Hospitals often have various guidelines for preventing IPFs, focused

n identifying high-risk patients and various fall prevention strategies

 8 ]. Past literature suggests that factors such as history of falls, gait ab-

ormalities, mental status, and specific drugs, such as benzodiazepines

ave been associated with increase fall risk within the hospital [ 15 ]. 

For spine surgery, Wilson et al. investigated trends in complications

f PLF using the Premier Healthcare Database, and found patients fall

t a rate of 5.0–8.3 per 1,000 inpatient days [ 16 ], however they did not

nvestigate the specific risk factors for these falls. Prior literature has
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Table 1 

Patient characteristics of those who did not versus those who did have inpatient 

falls following posterior lumbar fusion. 

No inpatient falls Inpatient fall p-value 

Total 338,511 (98.6%) 4,379 (1.4%) 

Age ± SD (y) 60.6 ± 12.6 62.9 ± 12.4 < .001 

Sex .18 

Female 196,386 (58.0%) 2,601 (59.4%) 

Male 142,124 (42.0%) 1,778 (40.6%) 

ECI ± SD 4.6 ± 3.3 6.0 ± 3.9 < .001 

Comorbidities 

Alcohol use disorder 27,931 (8.3%) 463 (10.6%) < .001 

Dementia 21,005 (6.2%) 409 (9.3%) < .001 

Active delirium 2,501 (0.7%) 124 (2.8%) < .001 

History of falls 11,669 (3.5%) 493 (11.3%) < .001 

Active psychosis 814 (0.2%) 47 (1.1%) < .001 

Insurance < .001 

Medicare 96,434 (28.5%) 1,049 (24.0%) 

Medicaid 14,913 (4.4%) 195 (4.5%) 

Commercial 218,942 (64.7%) 2,981 (68.1%) 

Bolding indicates significance of p < 0.05. 

Table 2 

Multivariate analysis of factors predictive of inpatient falls following posterior 

lumbar fusion. 

Odds ratio (95% CI) p-value 

Total 

Age (per decade) 1.12 (1.09–1.15) < .001 

Sex (Ref = female) .33 

Male 0.97 (0.91–1.03) 

ECI (per point) 1.08 (1.07–1.09) < .001 

Comorbidity 

Alcohol use disorder 1.11 (1.00–1.23) . 04 

Dementia 1.17 (1.05–1.30) .004 

History of falls 2.47 (2.23–2.73) < .001 

Active delirium 2.83 (2.33–3.40) < .001 

Active psychosis 3.35 (2.44–4.48) < .001 

Insurance (Ref = medicare) 

Medicaid 1.47 (1.25–1.72) < .001 

Commercial 1.59 (1.48–1.72) < .001 

Bolding indicates significance of p < 0.05. 
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ooked at specific risk factors for falls following hip [ 17 ], knee [ 17 , 18 ],

nd shoulder [ 19 ] surgery, however, to our knowledge, there has been

o investigation into risk factors for falling following spine surgery. 

The current study aimed to define the rate and risk factors of IPF

ollowing PLF utilized a large national, multi-insurance database. It was

oped that defining such variables could help evolve care pathways to

inimize their occurrence. 

ethods 

tudy cohort 

The current study used the 2010–Q1 2022 M161Ortho PearlDiver

ariner Patient Claims Database (PearlDiver Technologies, Colorado

prings, CO, USA), a large national insurance claims data set that con-

ains both inpatient and outpatient patient information from across the

nited States. This has frequently been used in the orthopaedic/spine

iterature [ 20–24 ]. Our Institutional Review Board has exempted stud-

es using this dataset exempt from reviewed as it is data is output in

e-identified/aggregated form. 

All patients who underwent single-level PLF with or without inter-

ody fusion were identified using International Classification of Disease

ICD)-9/10 procedural codes. Patients were excluded from the study if

hey underwent concurrent anterior fusion or had additional level cod-

ng to ensure a homogenous patient cohort of only single level fusions.

ther exclusions included patients who were: under eighteen years of

ge or presented for trauma, neoplasm, or infection. 

Inpatients Falls were identified using ICD-9/10 codes. Falls were de-

ermined to be inpatient if they occurred on the day of the patient’s

urgery until they are discharged out of the hospital. 

atient characteristics 

Patient demographic/characteristics were tabulated and divided

ased on those who did not and did have an IPF following surgery.

he following were included in analysis: patient’s age (standard devi-

tion [SD]), sex, Elixhauser Comorbidity Index (ECI, a common index

sed in orthopaedic literature to determine the relative comorbidity bur-

en of the patient [ 25 ]), insurance (Medicare, Medicaid, Commercial).

n addition, specific comorbidities were assessed, including: alcohol use

isorder, dementia, active delirium history of falls, and active psychosis.

econdary injuries, length of stay, and cost of fall 

Secondary injuries following IPFs were then determined. The fol-

owing variables were aggregated: head injury, which includes all blunt

rauma, concussion, hemorrhage or other injury related to the head and

ractures caused by the fall. Fractures were then subcategorized into

ower extremity and upper extremity fractures. 

Hospital length of stay (LOS) (SD) of the patient and the average cost

f the patient’s stay (SD) was determined and divided based whether the

atient had IPF or not postoperatively. 

tatistical analysis 

Univariate analysis was done to compare patient demographics be-

ween patients who did not and did have an IPF. Continuous variables

age, ECI, LOS, cost of stay) were compared using a Welch t-test, while

ll categorial variables (sex, insurance plan, and comorbidities [alcohol

se disorder, dementia, active delirium during stay, history of falls, and

ctive psychosis]) were compared using a chi square test. 

Multivariable logistical regression was then performed in order to de-

ermine independent risk factors for falling during one’s inpatient stay.

ultivariate analysis controlled for the falling variables: patient’s age,

CI, sex, insurance plan, history of falls, alcohol use disorder, dementia,

ctive delirium, and active psychosis. 
2

All statistical analysis was performed using the RSuite statistical soft-

are in PearlDiver Mariner Patient Claims Database (PearlDiver Tech-

ologies, Colorado Springs, CO, USA). All figures were created using

raphPad Prism 10 (GraphPad Software, San Diego, CA, USA). Signifi-

ance was defined as p < .05. 

esults 

tudy cohort 

A total of 342,890 patients were undergoing single-level PLF were

dentified. Of those, IPFs were identified for 4,379 patients (1.4%). 

redictive factors for inpatient falls 

Patients who fell were older (62.9 vs. 60.6 years old), and had a

igher comorbidity burden/ECI (6.0 vs. 4.6) and of different insur-

nce distribution) (p < .001 for each). Lastly, patients who fell were

ore likely to have alcohol use disorder (10.6% vs. 8.3%), dementia

9.3% vs. 6.2%), active delirium (2.8% vs. 0.7%), a history of falling

11.3% vs. 3.5%), and active psychosis (1.1% vs. 0.2%) (p < .001 for all).

 Table 1 ). 

Multivariate analysis was performed to determine factors indepen-

ently associated with increased odds of IPFs ( Table 3 ). In decreas-

ng odds order, these included: active psychosis (OR = 3.35), active

elirium (OR = 2.83), history of falling (OR = 2.47), commercial insur-

nce (OR = 1.59), Medicaid insurance (OR = 1.47), dementia (OR = 1.17),
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Fig. 1. A forest plot of the odds ratio from the multivariate analysis 

showing the predictive factors for falling during one’s inpatient stay 

following posterior lumbar fusion. 

Table 3 

Length of stay and secondary injuries between those who did and did not 

suffer an inpatient fall. 

No inpatient falls Inpatient fall p-value 

LOS (d) 5.3 ± 5.9 12.3 ± 12.9 < .001 

Secondary injury 

Head injury - 44 (1.0%) - 

All fractures - 42 (1.0%) - 

Lower extremity fracture - 30 (0.7%) - 

Upper extremity fracture - 15 (0.3%) - 

Spinal fracture - ∗ - 

Bolding indicates significance of p < 0.05. 
∗ Indicates 10 or less patients. 
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ge (OR = 1.12 per decade), alcohol use disorder (OR = 1.11), and ECI

OR = 1.08 per point) (p < .05 for each, Table 2 and Fig. 1 ). 

njuries, length of stay, and costs associated with inpatient falls 

Of the 4,379 (1.4%) of patients with IPF, head injury was sustained

y 44 (1.0%). Additionally, fractures resulted for 42 (1.0%) ( Table 2 ). 

Patients who fell had to stay significantly longer in the hospital

ostoperatively, from 5.3 ± 5.9 days for those who didn’t suffer a fall

o 12.3 ± 12.9 days for those who did (p < .001). In terms of incremen-

al costs associated with those who had IPFs, the average cost of stay

or those who fell following their surgery was $36,865 ± $39,686, while

he average cost of stay for those who did not was $33,921 ± $35,496

p < .001). 

iscussion 

IPFs are clearly an important quality metric for which care algorithm

re in place to minimize. The current study investigated fall risk in pa-

ients who underwent single-level PLF between 2010 and 2022. Of the

42,890 patients included in this study, IPFs were identified for 4,379

atients (1.4%). Although this number is relatively low, it poses risk

or significant morbidity [ 26 , 27 ]. Thus, to improve outcomes of our pa-

ients, it is important to identify risk factors for IPFs and to gain a sense

f their impact. 

The current study identified IPFs to be of independently greater odds

or those who were older (OR = 1.12 per decade) and greater comorbidity

OR = 1.08 per point ECI). Similarly, in a cross-sectional study evaluat-

ng postoperative patients, da Mata et al. [ 28 ] found increased age to be
3

ssociated with increased risk of falls postoperatively. Church et al. [ 26 ]

valuated 30-day postoperative falls in surgical patients and found that

lder age, functional dependence, lower albumin, and a higher Ameri-

an Society of Anesthesia Score (ASA) to be associated with increased

all risk. Along these lines, low preoperative muscle mass has also been

hown to be a risk factor for outpatient falls after surgery in patients

ith lumbar spinal stenosis [ 29 ]. 

Specific comorbidities were found to be independently associated

ith IPFs. Multiple factors associated with confusion were found to

e indecently associated with IPFs. These included active psychosis

OR = 3.35), active delirium (OR = 2.83), dementia (OR = 1.17), and al-

ohol use disorder (OR = 1.11). Postoperative delirium incidence fol-

owing spine surgery has been reported to be 3.3%–18% with varia-

ion likely depending on factors such as surgical duration, blood loss

nd postoperative bedrest duration [ 30 , 31 ]. Delirium has also been

hown to be associated with increased LOS, healthcare costs and mor-

ality in lumbar spine surgery patients [ 31 ]. The literature has also

hown an increased risk of falls in patients with dementia as well as

hose with active psychosis history who are on antipsychotic medica-

ions [ 31 , 32 ]. In fact, Stubbs et al. demonstrated that older patients

tilizing mental health services had double the incidence of falls and

 times the incidence of hip fractures compared with the general pop-

lation [ 33 ]. Alcohol use disorder is a known risk factor for devel-

ping delirium tremens which increases fall risk, especially in the el-

erly [ 34 , 35 ]. Appropriate screening for alcohol use disorder and pre-

ention of alcohol withdrawal in the perioperative setting is critical

 32 , 33 ]. 

In addition, IPFs were independently associated with a history of falls

OR = 2.47). Thus, identification of patients with a history of falls via pre-

perative screening is imperative. Fujita et all evaluated stride length in

lderly patients with lumbar spinal stenosis and found a short stride,

ndicating a potential increased fall risk, in patients 80 years of age and

lder, those with worse lumbar function scores and presence of lower

xtremity motor deficits and a forward-bent posture [ 36 ]. In a study by

ubetzky et al., static and dynamic balance testing was performed pre-

peratively and following lumbar spine surgery. The authors found that

he risk of falling was higher than expected as 26% of patients remained

 high fall risk postoperatively based on dynamic balance testing [ 37 ].

his highlights the importance of adequate preoperative screening and

lose postoperative monitoring with physical therapy/nursing staff in

hese patients. 

Both commercial insurance (OR = 1.47) and Medicaid insurance

OR = 1.47) had an increase odd of falling compared to patients with

edicare insurance. Although the exact etiology of this increase odd is
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nclear, a potential explanation for this difference could be attributed

o potential difference in length of stay of hospitalization. The present

tudy did not control for this difference, and this it may have affected

ime to discharge amongst the different insurances. 

Lee et al evaluated sagittal balance on risk of falls after minimally in-

asive lateral lumbar interbody surgery combined with posterior surgery

ersus PLF alone in patients with lumbar spinal stenosis [ 38 ]. The au-

hors found that patients who underwent the combined procedure with

orrection of sagittal balance had a lower incidence of falls than pa-

ients who underwent PLF alone and had residual sagittal imbalance

 38 ]. Given that optimal sagittal alignment is known to improve body

alance and reduce risk of falls, it is important to restore this param-

ter while also minimizing fusion levels [ 39 , 40 ]. However, given the

imitations of database studies, our study did not evaluate radiographic

agittal alignment. 

There were clearly significant impacts to IPFs identified in the cur-

ent study. One measure of this is that IPFs resulted in head injuries

1.0% of those who fell) and fractures (1.0%) of those who fell. Pa-

ients who fell also had significantly longer LOS than those who did

ot (12.3 days vs. 5.3 days) and were associated with greater costs

$36,865 ± $39,686 vs. $33,921 ± $35,496)). 

Limitations of this study include the use of insurance claims dataset

o gather patient information, which is reliant on accurate coding of ICD

nd CPT codes. Specifically, it relies on proper and accurate coding of

alls during an inpatient stay, making it possible that the number of falls

eported in the study might underreport the true total from lack of cod-

ng. Whether the patient underwent a minimally invasive surgery or an

pen surgery is not possible to determine. This could pose an additional

isk factor for whether a patient suffered a fall. Similarly, while efforts

ere made to select for an elective patient population through exclusion

riteria, it is possible some patients were emergent cases. Additionally,

t was not possible to capture when the fall occurred during the inpatient

tay, only if 1 occurred, making it not possible to provide chronologic

ata. Lastly, the coding of alcohol use disorder is broad, and may not

apture how much alcohol the patient regularly consumes, if they have

ecently become sober, and does not address any hospital intervention

o minimize withdrawals. 

In summary, the present study identified falls following surgery as an

ncommon, but not infrequent, occurrence following PLF. Falls are an

mportant healthcare metrics for hospitals, and pose significant risk of

arm for patients. Thus, recognizing at risk patients via comprehensive

reoperative screening based on recognized risk factors can help sur-

eons better plan and minimize patient morbidity, LOS, and healthcare

ssociated costs. 
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