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Abstract

Study Design: Retrospective cohort study

Objective: Postoperative LOS is a major factor in
overall cost for spine surgery, and its duration often
depends on discharge clearance from PT. We sought
to compare postoperative length of stay (LOS) for
patients who initiated physical therapy (PT) on
postoperative day (POD) 0 versus POD 1 following
cervical or lumbar spine surgery.

Methods: A retrospective review was conducted of 710
patients who underwent elective, inpatient cervical
or lumbar spine surgery at 1 institution from 2011-
2019. Patients were categorized by postoperative PT
timing, with POD 0 defined within 24 hours
postoperative. Patients were excluded if admitted
under trauma visit, admitted to ICU before
discharge for observation or complications, or had
qualifying surgery >2 levels (lumbar) or <2 levels
(cervical). Results were analyzed using R (R
Foundation for Statistical Computing, Vienna,
Austria).

Results: In both surgery groups, there was no
significant difference between POD 0 and POD 1
cohorts regarding: age, sex, BMI, preoperative
ambulation device, discharge destination, or
operative approach and fusion levels (for cervical
patients). In both groups, median LOS difference
was large enough to be of statistical significance.
Among lumbar surgery patients, the LOS was 8.9
hours greater for POD 1 PT compared to POD 0 PT
(median 65.3 hours for POD 0 PT [interquartile (IQ)
range, 43.7-74.6] vs 74.2 hours for POD 1 PT [IQ

Missouri Health Journal 3(2)

Original Research

range 51.6-99.8]; (P < 0.001). Among cervical
patients, the LOS was 25.7 hours greater for POD 1
PT compared to POD 0 PT (median 46.8 hours for
POD 0 PT [IQ range, 25.7-75.4] vs 72.5 hours for
POD 1 PT [IQ range 46.8-101.3], (P < 0.0001). The
difference in distribution of postoperative nights
spent in the hospital was also statistically significant
for lumbar surgery patients (P = 0.002) and cervical
patients (P < 0.001). None of the POD 1 PT lumbar
patients were discharged on POD 1, compared to
18.3% of lumbar patients who initiated PT on POD
0. Among cervical patients, 8.3% of patients who
initiated PT on POD 1 were discharged on POD 1,
compared to 21.3% of cervical patients who initiated
PT on POD 0.

Conclusion: Our study demonstrated a statistically
significantly lower postoperative LOS when PT was
initiated on POD 0 versus POD 1, suggesting an
association between earlier PT and earlier
discharge.

Introduction

Cervical and lumbar spine surgery are common
procedures in orthopaedic surgery."* As such, these
procedures continue to increase annually.” °
Lowering the cost of these procedures remains an
important goal as patients and payors demand lower
healthcare costs and improved quality.” This has led
to a rapid interest in enhanced recovery protocols
(ERPs), which focus on expedited recovery and
patient discharge through a combination of patient
education, multimodal  analgesia, limiting
unnecessary drains and dressing changes, and early
physical therapy (PT). However, the significance of
early PT in optimizing early discharge is not well
elucidated.

The postoperative inpatient length of stay (LOS)
is a major factor in the overall cost of elective spine
procedures, and recent studies have attempted to
enact peri-operative protocols in order to reduce
costs and improve the value of care.*’ While the
duration of post-operative hospitalization may be
affected by PT protocols and discharge often
depends on clearance from the therapy team, there
is a paucity of literature on the impact of physical
therapy on LOS. Discharge clearance is determined
by the therapist’s evaluation of the patient’s ability
to ambulate safely at a level that meets their post-
discharge needs (e.g., stairs to enter the home,
transferring from a walker to bed or chair). If a
patient is unable to mobilize safely, their
postoperative inpatient stay continues until the
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therapist can determine that the patient is safe for
discharge, or they qualify for placement into an
inpatient rehabilitation facility. As such, the
physical therapist is often the team member who
makes the final determination when a patient is
medically safe for discharge postoperatively. One
potential strategy to reduce inpatient LOS and its
associated costs is early initiation of inpatient PT,
starting immediately on postoperative day 0 (POD
0).12 While the literature on immediate initiation
of postoperative PT for spine patients is scarce,
previous authors have demonstrated that PT
intervention on POD 0 shortened hospital LOS for
both total hip and total knee arthroplasty patients."

The objective of this study is to determine
whether inpatient cervical fusion and lumbar
laminectomy and fusion patients who started formal
PT on POD 0, instead of POD 1, had a shorter
postoperative LOS as measured continuously in
hours and overall number of nights spent in the
hospital.

Methods

Following approval by the institutional review
board, a retrospective review of prospectively
collected data identified 710 patients who
underwent elective, inpatient >2 level anterior
cervical discectomy and instrumented fusion
(ACDF), >2 level posterior cervical instrumented
fusion +/- laminectomy, or 1-2 level lumbar
laminectomy * posterior lumbar fusion =+
instrumentation at a single center between 2011 to
2019. The study includes 13 spine surgeons at our
institution. Exclusion criteria consisted of: (1)
incomplete data in the electronic medical record, (2)
admission under a trauma visit, (3) admission to the
intensive care unit (ICU) between surgery and
discharge for observation or complications, (4) lack
of formal PT encounter before discharge, and (5)
had surgery involving >2 levels (lumbar patients) or
<2 levels (cervical patients).

Demographics, intraoperative, and
postoperative variables were collected.
Demographic information included age, sex, body
mass index (BMI), American Society of
Anesthesiologists (ASA) classification, Charlson
Comorbidity Index (CCI), insurance type (i.e.,
Medicare, private insurance), comorbidities (e.g.,
diabetes), use of a preoperative ambulation aid (i.e.,
cane, walker, or wheelchair), and postoperative
discharge destination (i.e., home, inpatient
rehabilitation). All patients underwent surgery
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under general anesthesia in the prone (lumbar or
posterior cervical surgery) or supine (ACDF)
position on a Jackson table. Intraoperative variables
included the number of levels fused and anterior,
posterior, or combined approach. Foley catheters
placed intraoperatively were removed prior to
transfer to the postoperative recovery unit. Patients

received our institution’s postoperative pain
regimen, which included anti-inflammatories,
acetaminophen, muscle relaxers, and opioid

analgesics, including as needed IV medications
available for breakthrough pain. Postoperative
Patient Controlled Analgesia (PCA) was not
routinely used. Patients were categorized by timing
of postoperative PT, with POD 0 defined as within
24 hours after surgery as documented in the medical
record under surgery stop times and initial PT
encounter times. Postoperative care did not differ
between groups except regarding their timing of PT
initiation.

Statistical Methods

Data were checked for quality and completeness.
Summary statistics for continuous variables were
mean and standard deviation or median and
interquartile range. Categorical variables were
summarized using frequencies and percentages.
Bivariate analysis used Chi-square tests of
independence or Fisher’s Exact tests, if Chi-square
assumptions were not met. For continuous
variables, normality was tested using a Shapiro-
Wilk test and a two-sample t-test or Mann-
Whitney test was used to determine differences
across POD groups. Data were analyzed using R
version 4.0.2 with two-sided alpha < 0.05
considered significant.

Results

A total of 710 patients (374 cervical and 336
lumbar) met inclusion criteria. Among lumbar
patients, formal PT was initiated on POD 0 for 202
patients, and POD 1 for 134 patients (Table 1). For
those who received lumbar surgery, there were no
significant differences between POD 0 and POD 1
groups regarding age (57.9 + 14.4 years vs. 58.4 +
14.3 years, P = 0.66), sex (45.5% male vs. 52.2%, P =
0.28), BMI (33.2 + 7.8 kg/m?vs. 31.7 + 5.8, P = 0.23),
Charlson Comorbidity Index (CCI) classification
(CCI 1.03+1.12 vs. 1.27 + 1.55, P=0.56), ASA
classification (ASA 1 or 2 for 43.1% vs. 39.6%, P =
0.58), preoperative use of ambulation aid (18.3% vs.
12.7%, P = 0.22), or discharge destination (discharge
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Characteristic Lumbar Patients* (n=336) Cervical Patients** (n=374)
POD 0 PT POD 1 PT P Value _ POD 1 PT
@=202) (@=134) POD 0 PT (n=240) (@=134) P Value
Age (mean +/- SD) 579 +/- 144 58.4+/-14.3 0.66 57.7+/-11.0 57.8+/-14.3 0.98
Body mass index 33.2+/-7.8 31.7+/-5.8 0.23 312+-73 30.4 +/-7.2 0.31
(kg/m?; mean +/- SD)
Male Gender (n [%]) 92 (45.5) 70 (52.2) 0.28 134 (55.8) 64 (47.8) 0.16
Insurance: Medicare (n 85 (42.1) 59 (44.0) 0.58 97 (40.4) 64 (47.8) 0.04
[%])
Insurance: Medicaid (n 36(17.8) 27(20.1) 0.58 39 (16.3) 26 (19.4) 0.04
[%])
Insurance: Private (n [%]) 53 (26.2) 29 (21.6) 0.58 73 (30.4) 21 (15.7) 0.04
ASA Classification: 1 or 87 (43.1) 53 (39.6) 0.58
2 (0 [%]) 84 (35.0) 46 (34.3) 0.99
Charlson Comorbidity 1.03 +/- 1.12 1.27 +/-1.55 0.56 1.34 +/- 1.57 1.43 +/- 1.76 0.78
Index (CCI)
Diabetes (n [%]) 49 (24.3) 31(23.1) 0.92 55 (22.9) 33 (24.6) 0.81
Preoperative Ambulation 37 (18.3) 17 (12.7) 0.22 70 (29.2) 49 (36.8) 0.17
Aid (n [%])
Preoperative n/a n/a n/a 142 (59.4) 85 (63.4) 0.51
Myelopathy (Cervical
patients only)
Discharge Destination: 179 (88.6) 114 (85.1) 0.61 195 (81.3) 96 (71.6) 0.08

Home

(o [%])

POD, postoperative day; PT, physical therapy; ASA, American Society of Anesthesiologists

*Lumbar Patients: elective, inpatient 1-2 level lumbar laminectomy + posterior lumbar fusion + instrumentation
**Cervical Patients: inpatient, elective >2 level anterior cervical discectomy and instrumented fusion (ACDF) and >2 level posterior
cervical instrumented fusion +/- laminectomy

Table 2. Cervical Patient Operative Characteristics, By Postoperative Day PT Group

Cervical Spine Surgery Patients* (n=374)
POD 0 PT (n=240) POD 1 PT (n=134) P Value
Approach 0.088
Anterior (n [%]) 141 (58.8) 72 (53.7)
Posterior (n [%]) 82 (34.2) 58 (43.3)
Combined (Anterior/Posterior) 17 (7) 4(2.9)
(n [%])

Number of Levels Fused 0.3772
2 (n[%]) 101 (42.1) 57 (42.5)
3 (n[%]) 63 (26.3) 36 (26.9)
4 (n[%]) 48 (20) 19 (14.2)
5 or more (n [%]) 28 (11.7) 22 (16.4)

POD, postoperative day; PT, physical therapy; ASA, American Society of Anesthesiologists

* inpatient, elective >2 level anterior cervical discectomy and instrumented fusion (ACDF) and

>2 level posterior cervical instrumented fusion +/- laminectomy

home 88.6% vs. 85.1%, P = 0.61) (Table 1). Among
cervical patients, formal PT was initiated on POD 0
for 240 patients, and POD 1 for 134 patients (Table
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1). Similarly, among cervical
patients, there were no
significant differences
between POD 0 and POD 1
groups regarding age (57.7 +
11.0 years vs. 57.8 £ 14.3 years,
P =0.98), sex (55.8% male vs.
47.8%, P = 0.16), BMI (31.2 +
7.3 kg/m*vs. 304 £ 7.2, P =
0.31), Charlson Comorbidity
Index (CCI) (CCI 1.34 + 1.57
vs. 143 + 1.76, P=0.78), ASA
classification (ASA 1 or 2 for
35.0% vs. 34.3%, P = 0.99),
preoperative use of
ambulation aid (29.2% vs.
36.8%, P = 0.17), preoperative
myelopathy (59.4% vs 63.4%, P

= 0.51), or discharge
destination (discharge home
81.3% vs. 71.6%, p=0.08)

(Table 1). However, there was a significant
difference between the POD 0 PT and POD 1 PT
among cervical patients with private insurance
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Table 3. Postoperative Length of Stay, By Postoperative Day PT Group

Outcome Lumbar Patients* (n=336) Cervical Patients** (n=374)
POD 0 PT POD 1PT P Value POD 0 PT POD 1PT P Value
(n=202) (n=134) (n=240) (n=134)
Hospital stay in hours | 65.3 (43.7- 74.2 (51.6- <0.0001 46.8 (25.7-75.4) 72.5 (46.8- <0.001
(median [IQ range]) 74.6) 99.8) 101.3)
Hospital stay in number 0.002 <0.001
of nights
1 Night (n [%]) 43 (21.3) 11 (8.3) 44 (18.3) 0(0.0)
2 Nights (n [%]) 52 (25.7) 33 (24.8) 81 (33.7) 35 (26.1)
3 Nights (n [%]) 62 (30.7) 40 (30.1) 49 (20.4) 31(23.1)
>4 Nights (n [%]) 45 (22.3) 49 (36.8) 66 (27.5) 68 (50.7)

POD, postoperative day,; PT, physical therapy; ASA, American Society of Anesthesiologists
*Lumbar Patients: elective, inpatient 1-2 level lumbar laminectomy + posterior lumbar fusion + instrumentation
**Cervical Patients: inpatient, elective >2 level anterior cervical discectomy and instrumented fusion (ACDF) and >2

(30.4% vs 15.7%, P = 0.0017) (Table 1). Among
cervical patients, there were no significant
differences between POD 0 and POD 1 PT groups
regarding approach (anterior, posterior, combined
anterior/posterior, p=0.088) or number of levels
fused (p=0.3772) (Table 2).

The difference in LOS was statistically
significant in both groups, with POD 0 PT patients
having shorter LOS. Among lumbar surgery
patients, the LOS was 8.9 hours greater for POD 1
PT compared to POD 0 PT (median 65.3 hours for
POD 0 PT [interquartile (IQ) range, 43.7-74.6] vs
74.2 hours for POD 1 PT [IQ range 51.6-99.8]; (P <
0.001) (Table 3). Among cervical patients, the LOS
was 25.7 hours greater for POD 1 PT compared to
POD 0 PT (median 46.8 hours for POD 0 PT
[interquartile (IQ) range, 25.7-75.4] vs 72.5 hours
for POD 1 PT [IQ range 46.8-101.3], (P < 0.0001)
(Table 3). The difference in distribution of
postoperative nights spent in the hospital was also
statistically significant for lumbar surgery patients
(P =0.002) and cervical patients (P < 0.001) (Table
3). None of the POD 1 PT lumbar patients were
discharged on POD 1, while 18.3% of lumbar patients
who initiated PT on POD O were discharged on
POD 1. Among cervical patients, 8.3% of patients
who initiated PT on POD 1 were discharged on POD
1, compared to 21.3% of cervical patients who
initiated PT on POD 0.

Discussion
As the annual utilization of spine surgery
continues to increase, lowering the associated costs
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remains an important goal as patients and payors
demand decreased healthcare expenditures and
improved quality. Postoperative LOS is a major
factor in the overall costs of cervical and lumbar
spine surgery.” For medically stable patients,
discharge is often dependent on clearance from PT.
In our retrospective cohort study of 374 cervical and
336 lumbar patients, we found a significant median
difference (25.7 hours for cervical and 8.9 hours for
lumbar surgery) in overall LOS and distribution of
nights spent in the hospital after surgery (Table 3)
in patients who initiated physical therapy on POD 0
vs POD 1. The data suggested no difference between
POD PT groups regarding demographics,
preoperative ambulation aid wuse, discharge
destination, preoperative myelopathy (for cervical
patients), surgical

approach or number of levels fused (for cervical
patients), which limits concern for confounding
variables. Our results demonstrate initiation of PT
on POD 0 following >2 level cervical fusion or 1-2
level lumbar laminectomy with or without fusion is
associated with decreased postoperative length of
stay.

Previous investigations have shown that early
postoperative mobilization after orthopaedic
surgery may reduce costs, improve outcomes, and
shorten postoperative LOS.">'*!'® However, much of
this literature has focused on total hip arthroplasty
and total knee arthroplasty (TKA) patients and the
findings have varied. In one prospective cohort
study conducted on 136 primary total joint
arthroplasties, isolated PT intervention on POD 0
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shortened hospital LOS, regardless of the
intervention performed (e.g., ambulation vs moving
from bed to chair)."” A similar study found starting
PT on POD 0 was associated with a 1-day decreased
LOS with lower pain scores at discharge.”” However,
in another randomized, controlled trial of 394 TKA
patients, the authors did not observe a significant
difference in hospital LOS or patient satisfaction
when PT was initiated on the day of surgery vs the
morning after surgery.” Although not conclusive,
the general trend in orthopaedic literature is that
early initiation of PT is associated with decreased
length of stay, which is similar to our findings.
Despite these findings in similar studies on non-
spine orthopaedic patients, there is a lack of
information to assess the impact of PT timing on
postoperative LOS in spine patients.

Significant variation may exist among different
institutions in the delivery, timing, and content of
postoperative spine rehabilitation. There are no
clear guidelines for patients or providers that
describe the best evidence for timing, duration, or
content of an optimal postoperative PT regimen. In
one study of patient information leaflets from 32
different hospitals that perform lumbar spine
surgery in the English National Health Service
(NHS), Low et al found significant variations in
prescribed frequency and duration of postoperative
exercises, descriptions of functional activities, and
advice regarding return to normal activity.” In
another randomized, controlled trial comparing a
standard rehabilitation regimen to a fast track
rehabilitation regimen for TKA patients, the fast
track program patients had a shorter LOS with
specific program contents: POD 0 PT, 2 hour daily
sessions of PT, group therapy, an organizing case
manager, and allowing patients to compare their
progress with peers (i.e., “competitive care”)." In a
study of 159 patients undergoing lumbar
decompression surgery, Mannion et al found no
difference in patient-reported pain or disability
between patients who underwent a non-
standardized therapy regimen compared to patients
whose regimen consisted of specified session
frequency, duration, and content of specific
isometric exercises according to a published
rehabilitation program.*” * The optimal timing,
dosage, and content of postoperative PT deserves
further investigation, given the impact of
rehabilitation quality on recurrent injury,
subsequent disability scores, and health care use." >

Although the overall length of stay between
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POD 0 and POD 1 groups differed significantly, over
50% of patients in each group were discharged after
2 or more nights in the hospital, regardless of POD
PT timing (Table 3). One explanation of shorter
overall LOS for POD 0 patients was that those
patients would exhibit greater confidence in
subsequent PT sessions, regardless of achievement
during the initial session (e.g., getting out of bed to
chair vs ambulating in hallway). Initiation of PT on
POD 0 may potentially increase patients self-
efficacy in their activity level and their comfort level
with PT, thus increasing their progress towards PT
discharge clearance in subsequent sessions. While
there is limited research on patient’s confidence at
discharge following spine surgery and physical
therapy, previous authors have suggested that
patients often complain of a lack of information
regarding practical and behavioral
recommendations for while at home, which can
often be addressed by the physical and occupational
therapy teams.” It is reasonable to postulate that the
earlier that these conversations occur, the earlier a
patient may be reassured and more confident in
discharging home.

Limitations

Our study subjects were patients from one
academic medical center from a single geographic
region. Thus, our findings may not be
representative of all spine patients in other practice
settings and geographic regions. Additionally, we
included data from 13 surgeons, who may differ in
surgical indications and post-operative algorithms,
and we did not control for these differences.
Discharge times used for analysis were also based on
patients’ time of exit from the hospital as logged by
the nurse. This time could potentially differ from
the actual time they were cleared for discharge by PT
if the discharge paperwork process was delayed or
the patient was waiting for transportation.
However, there were no differences between POD
PT groups regarding discharge to a rehabilitation
facility (thus requiring waiting for pre-arranged
transportation), which could cause such discharge
delays.

Our study did not examine postoperative
outcomes such as step counts or patient-reported
outcomes (e.g., functional score or pain level), and
we did not account for patient initiation of activity
progression independently or with nursing prior to
the first formal PT session (e.g., getting out of bed
to chair or hanging the feet over the bedside). Our
attributed direct cost per day at inpatient floor status

This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial

No Derivatives (by-nc-nd) License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

20



Missouri Health Journal, Vol. 3 Iss. 2 (2026)

($724) may not reflect all patients due to variations
in care. However, this is the standard calculated
value used by our institution’s financial analytics
department. Other factors besides the timing of PT
initiation, including complications (e.g., durotomy
preventing early mobilization), absence of a home
caregiver, or prolonged determination of post-
discharge placement by case management. Finally,
we did not assess patient reported outcomes and the
potential role early PT has on improving objective
outcome scores. Further studies should focus on
obtaining more generalizable results from multiple
practice settings and geographic locations, while
accounting for the above-noted limitations through
standardization and prospective randomization.

Conclusion

There are few studies regarding the association
between timing of postoperative PT initiation and
postoperative LOS in cervical fusion and lumbar
laminectomy patients. Nevertheless, early initiation
of PT has been proposed to facilitate earlier
discharge following orthopaedic surgery. Our study
demonstrated a statistically significant difference in
postoperative LOS after cervical or lumbar spine
surgery when PT was initiated on POD 0 vs POD 1,
suggesting an association between earlier PT and
earlier discharge.
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