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Abstract

Purpose To investigate the effect of a prehabilitation program on peri- and post-operative outcomes in adult cervical deform-
ity (CD) surgery.

Methods Operative CD patients > 18 years with complete baseline (BL) and 2-year (2Y) data were stratified by enrollment
in a prehabilitation program beginning in 2019. Patients were stratified as having undergone prehabilitation (Prehab+) or
not (Prehab—). Differences in pre and post-op factors were assessed via means comparison analysis. Costs were calculated
using PearlDiver database estimates from Medicare pay-scales.

Results 115 patients were included (age: 61 years, 70% female, BMI: 28 kg/m?). Of these patients, 57 (49%) were classified
as Prehab+. At baseline, groups were comparable in age, gender, BMI, CCI, and frailty. Surgically, Prehab+ were able to
undergo longer procedures (p=0.017) with equivalent EBL (p =0.627), and shorter SICU stay (p <0.001). Post-operatively,
Prehab+ patients reported greater reduction in pain scores and greater improvement in quality of life metrics at both 1Y and
2Y than Prehab— patients (all p <0.05). Prehab+ patients reported significantly less complications overall, as well as less
need for reoperation (all p <0.05).

Conclusion Introducing prehabilitation protocols in adult cervical deformity surgery may aid in improving patient physi-
ological status, enabling patients to undergo longer surgeries with lessened risk of peri- and post-operative complications.
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Introduction

Adult cervical spinal deformity (ACSD) is a potentially
debilitating disorder of multifactorial etiology that can cause
severe discomfort and disability, including loss of horizon-
tal gaze and neurologic compromise [1]. The health impact
of symptomatic ACSD is substantial, with negative impact
across all health-related quality of life metric domains [2].
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The mean ACSD EQ-5D index is comparable to the bottom
25th percentile values for blindness/low vision, emphysema,
renal failure, and stroke [2].

ACSD surgery has been shown to provide benefits in
radiographic alignment and most importantly, clinical out-
comes by improving a patient’s disability, pain symptoms,
and overall quality of life [3]. Complications following
ACSD surgery include dysphagia, distal junctional kypho-
sis (DJK), respiratory failure, deep wound infections and
nerve deficits, with a reported reoperation rate of ~ 17% [4].
Frailty is also more prevalent in the ACSD population com-
pared to the adult spinal deformity (ASD) cohort [5]. As
a result, these patients are good candidates to evaluate the
utility and success of pre-habilitation protocols and their
effect on outcomes.

Pre-habilitation (prehab) in spine surgery has been
applied with mixed results. For patients that are eligible
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to participate, prehab may reduce length of stay, improve
post-op recovery and reduce risks of nosocomial infection
[6]. The protocols and regimens applied in prehab for spine
patients have been varied in the literature with no consensus
established [6]. They have included cardiovascular training,
resistance training, bone density therapy or cognitive behav-
ioral training (CBT). Protocols continue to evolve and no
specific ACSD prehab methodology has been established
that has shown improvement in post-operative outcomes.
In a recent prospective randomized study, PREPARE, that
looked at the effects of pre-surgery physiotherapy on walk-
ing ability and lower extremity strength in patients with
degenerative spine disorders, the authors found that pre-
habilitation increased walking ability and lower extremity
strength compared to controls in the pre-operative setting
[7]. At 1 year after surgery, prehab accounted for 27.5% of
the variation in physical activity level between the prehab
and non-prehab group [7]. In an 18-year scoping review
of the literature across different databases, including the
Cochrane database, results showed that prehabilitation
programs are feasible, reduce medical expenditures, and
improve patients’ postoperative pain, disability, self-efficacy,
psychological behaviors, and satisfaction post-operatively
[6, 8].

The available literature suggests there is an opportunity
to improve patient experience, clinical outcomes and reduce
medical costs with the use of prehabilitation in spine sur-
gery. Although protocols have been investigated in lumbar
spine surgery, protocols for cervical deformity patients are
lacking. The objective of this study was to assess the effects
of prehabilitation on peri and post-operative outcomes in
adult cervical deformity surgery.

Materials and methods
Data source and study design

This is a retrospective study of a prospectively collected,
single-center database containing adult cervical deform-
ity (CD) patients enrolled between 2012 and 2021. Institu-
tional Review Board (IRB) approval was obtained prior to
patient enrollment and all patients provided informed con-
sent. This database has been used for analyses in previously
published studies [9—11]. Patients enrolled in the database
were older than 18 years of age and had a plan to undergo
surgical correction for cervical deformity. Cervical deform-
ity was defined radiographically as meeting at least one of
the following criteria: C2—C7 sagittal kyphosis>15°, T1
slope minus cervical lordosis (TS-CL) > 35°, C2-C7 sagit-
tal vertical axis (cSVA)>40 mm, chin-brow vertical angle
(CBVA)>25°, McGregor’s slope (MGS) > 20°, or segmental
cervical kyphosis> 15° across any 3 vertebrae between C2

@ Springer

and T1. The inclusion criteria of the present study required
operative cervical deformity patients with complete radio-
graphic and health related quality of life (HRQL) data pre-
operatively and at 2 years postoperatively.

Data collection and radiographic assessment

Standardized data collection forms assessed patient demo-
graphics, surgical parameters, and comorbidities at the
initial presentation. Health-related quality of life (HRQL)
metrics were collected via patient surveys at baseline and
multiple follow-up time points, and included the Neck Dis-
ability Index (NDI), Euro-QOL 5-Dimension Questionnaire
(EQSD), and modified Japanese Orthopaedic Association
(mJOA) assessment. The minimally clinically important dif-
ference (MCID) for the mJOA was set at 2 based on previ-
ously reported values [12]. The MCID for Neck Disability
Index was set as 15; which is double previously published
values because our NDI score was collected on a 0—100 scale
as opposed to 0-50) [13]. The EQ-5D MCID was set as 0.1
per previously published values [14, 15].

Lateral spine radiographs were used to assess radio-
graphic parameters at baseline and follow-up intervals. All
images were analyzed with SpineView® (ENSAM, Labo-
ratory of Biomechanics, Paris, France) [16—18]. Spinopel-
vic radiographic parameters assessed included pelvic tilt
(PT: the angle between the vertical and the line through
the sacral midpoint to the center of the two femoral heads),
the mismatch between pelvic incidence and lumbar lordo-
sis (PI-LL), and the sagittal vertical axis (SVA: C7 plumb
line relative to the posteriosuperior corner of S1). Cervical
spine parameters assessed included cervical lordosis (C2-
C7 angle), T1 slope (T1S), McGregor’s Slope (MGS), and
chin-brow vertical angle (CBVA).

Classification of cervical deformity

Preoperative cervical deformity severity was assessed using
the Ames CD classification. This system consists of a cer-
vical deformity descriptor that identifies the apex of the
deformity, and five modifiers [19]. Patients were assigned a
cervical deformity descriptor based on radiographic review
and were stratified by deformity severity for each of the five
modifiers.

Cohort selection and comparison

Operative CD patients > 18 years with complete pre-(BL)
and up to 2-year (2Y) postop radiographic/HRQL data
were stratified by enrollment in a prehabilitation protocol
beginning in 2019. Patients were stratified as having under-
went prehabilitation (Prehab+), versus those who did not
(Prehab—).
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All patients presenting with cervical deformity from 2019
and needing surgical correction were offered the prehabilita-
tion program. The final decision as to whether patients were
ultimately enrolled into the program was made between the
surgeons and the patients depending on the ability of the
patient to undergo the full protocol, and also on the acuity
of need for surgery based on severity of symptoms/disabil-
ity. As a result, every patient enrolled in the prehabilitation
program was able to fully complete it.

Pre-habilitation protocol

1. Targeted physical therapist-guided strengthening
protocol consisting of twice weekly sessions for at
least >3 weeks preoperatively of:

Sternocleidomastoid muscle group
Trapezius muscle group

Levator scapulae muscle group
Erector spinae muscle group

Deep cervical flexors muscle group
Suboccipital muscles muscle group

2. Psychological prehabilitation:

e Psychiatric or psychological evaluation pre-opera-
tively

e Cognitive behavioral therapy (CBT) 1-2X a week
for >3 weeks preop exploring thoughts and expec-
tations surrounding upcoming surgery and expected
postoperative course

¢ Pain management consultation pre-operatively

3. Nutritional prehabilitation:

e Preoperative dietetics assessment

e Individualized dietary modification and supplemen-
tation

e Preoperative bone density assessment via dual
energy X-ray absorptiometry and treatment based
on T-scores

Statistical analysis
Differences in demographics, clinical outcomes, radio-

graphic alignment targets, peri-operative factors and com-
plication rates were assessed via means comparison analysis.

Results

Cohort overview

115 CD pts met inclusion criteria (Mean age 61 years and
BMI 28 kg/m?). Of these patients, 57 patients (49%) made

up the Prehab+ group. In Figs. 1 and 2, we illustrate exam-
ples of patients in either group (Figs. 1 and 2).

Surgical descriptors

In terms of surgical characteristics, mean levels fused
was 5.3 +3.3, mean estimated blood loss (EBL) was
733.3 £820.5 mL, and mean operative time was
337.7£201.4 min. By surgical approach, 18.1% of patients
underwent an anterior-only approach, 49.3% posterior-only,
and 31.3% combined. The most common upper instrumented
vertebra (UIV) was C3 and most common lower instru-
mented vertebra (LIV) was T1. 67.4% of patients under-
went an osteotomy as part of their index procedure. 9.2% of
patients underwent a 3-column osteotomy.

Cervical deformity severity and Ames classification

Preoperatively, Ames modifier breakdown by severity was
as follows: For cSVA, 88.1% of the cohort were non-path-
ologic, while 11.9% had a moderate deformity. By TS-CL,
25.4% of patients had no deformity, 11.6% had moderate
deformity, and 63.0% had a severe deformity. Examining the
Horizontal Gaze modifier, 21.1% had no deformity, 52.1%
moderate deformity, and 26.8% had severe deformity. By
SVA, 91.8% of patients were non-pathologic and 8.2% had
severe deformity. By myelopathy severity as measured via

2-years Post-op

Fig. 1 Representative of good candidate for prehabilitation. 71 y/o
female with past medical history of osteoporosis (receiving 2000 U
calcium daily and denosumab 60 mg injection every 6 months), hypo-
thyroidism, hypertension, chronic kidney disease stage III, asthma
and bilateral total knee arthroplasty. She also had no history of
smoking or alcohol use and BMI 20 kg/m®. The patient underwent
6 months total of pre-operative prehabilitation. Patient met target
goals for pain improvement and suffered no major peri or post-opera-
tive events or loss of alignment by 2Y

Baseline
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799.4 mm

34.7 mm

Baseline

Fig.2 Representative of candidate not fit for prehabilitation. 69-year
old male with past medical history of paroxysmal atrial fibrillation
(on apixaban), hypertension, hyperlipidemia, a gastrointestinal glo-
mus tumor s/p en block resection 2 years previously, alcohol abuse,
chronic kidney injury, hyponatremia, BMI 24 kg/m’ and asthma.
Patient was unable to undergo prehabilitation due to severe frailty and
severity of neurological symptoms. He was still experiencing disabil-
ity at 6 months and was subsequently lost to follow-up

mJOA, 9.7% of the cohort had no myelopathy, 26.2% mild,
35.0% moderate, and 29.1% had severe myelopathy.

Baseline differences: Prehab+ versus Prehab—

At baseline, groups were comparable in age, gender, BMI,
CClI, and frailty. In terms of BL HRQLSs, Prehab+ had sig-
nificantly lower mJOA scores (p=0.047), but both groups
were equivalent in NDI and EQS5D scores (both p > 0.05)
[Table 1]. Baseline opioid usage was comparable between
both groups prior to prehab enrollment (p =0.093).

Peri and post-operative differences

Surgically, Prehab+ underwent longer procedures
(»p=0.017), but with equivalent EBL (p =0.627), shorter
length of stay, and lower intensive care unit admission
rates (p <0.001) [Table 2]. Post-operatively, Prehab+
patients reported greater reduction in neck pain overall, and
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Table 1 Baseline comparisons between groups

Prehab+ Prehab— p value
Age (years) 57.5 55.1 0.15
Gender (female %) 36 39 0.235
BMI (kg/m?) 28.8 27.9 0.45
CCI 0.54 0.71 0.33
mCD-FI score 0.05 0.04 0.183
mJOA score 11.4 13.1 0.36
NRS Neck 6.9 7.8 0.29
NRS Back 54 5.7 0.241
NDI 49.1 51.5 0.33
EQ-5D 0.73 0.73 0.18

BMI body mass index, CCI Charlson comorbidity index, EQ-5D
EuroQol 5-domain score, mCD-FI modified cervical deformity frailty
index, mJOA modified Japanese orthopaedic association score, NDI
Neck Disability Index, NRS Numerical Rating Scale

consistently better HRQL metrics at 1 and 2-year follow up
(all p<0.05). In terms of complications, Prehab+ patients
reported significantly less post-operative complications
overall, such as decreased pulmonary complications, as well
as less need for reoperation compared to Prehab— patients.

Discussion

Recent research has indicated that patient activity level prior
to spine surgery can be an important predictor of postop-
erative complications and outcomes [20]. Studies in other
surgical fields have demonstrated that for suitable patients,
prehab may reduce the length of stay, improve post-op recov-
ery, reduce complications and improve patient satisfaction

Table 2 Outcome comparisons between groups

Prehab+ Prehab— p value
Operative time (min) 170 140 0.017
Estimated blood loss (ml) 380.6 409.9 0.627
SICU admission (%) 31 59 0.02
Length of stay (days) 3 6 <0.001
1Y NDI 38.2 50.6 0.02
2Y NDI 34.0 49.1 0.01
1Y mJOA 15.0 14.7 0.32
2Y mJOA 15.0 13.0 0.45
1Y EQ-5D 0.69 0.43 0.02
2Y EQ-5D 0.63 0.37 0.012
Major complications (%) 24 33 0.03
Reoperation (%) 20 33 0.01

EQ-5D EuroQol 5-domain score, mCD-FI modified cervical deform-
ity frailty index, mJOA modified Japanese orthopaedic association
score, NDI Neck Disability Index, SICU surgical intensive care unit
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[19]. However, the prehabilitation protocols in spinal fusion
surgery are highly varied, making any conclusive evidence
difficult to interpret and, therefore, are not always part of
protocols aimed at enhancing recovery after surgery [21].
There is paucity in the literature investigating whether pre-
habillitation in spine fusion surgery decreases costs and
improves functional outcomes. To our knowledge, no lit-
erature exists concerning prehabilitation protocols in adult
spinal deformity surgery let alone cervical spine deformity.
The goal of this study was to utilize a single-center approach
to better assess the effects of prehabilitation on peri- and
post-operative outcomes in adult cervical deformity surgery.

A general template for a prehab program involves a
warm-up, cardiovascular component, resistance exercises
and functional training rehabilitation [22]. Cognitive behav-
ioral therapy (CBT) to help handle the stresses of surgery
and postop expectations has also been adopted into preha-
bilitation programs. Rolving et al. compared the effects of
a standard pre- and post-op treatment regimen versus an
additional six CBT sessions for lumbar spine surgery candi-
dates, and found that there was a statistically significant dif-
ference in Oswestry disability index (ODI) scores between
both groups at 3 and 6 months in favor of the CBT group;
but with similar scores at 1 year post-op [23]. Rolving and
colleagues in a subsequent study performed an economic
evaluation alongside their CBT randomized study to estab-
lish the cost effectiveness of pre and post-op CBT, with the
primary outcome measure as Quality-Adjusted Life Years
(QALY) based on EQ-5D scores and showed a significant
difference of 0.071 QALY in favor of the CBT group [23,
24]. Nielsen et al. conducted a prehabilitation study on 60
patients undergoing lumbar spine surgery that included pre-
physical therapy, smoking/alcohol cessation education, and
dietary supplementation. They were able to demonstrate
that the prehab cohort had a mean 2-day shorter hospital
stay compared to the control group [25]. The patients in this
study did not undergo spine deformity procedures, unlike
in our study.

The use of a multi-faceted prehabilitation program in our
study resulted in the prehab cohort being able to undergo
longer surgeries with equivalent estimated blood loss (EBL)
and still had a statistically significant (p <0.001) shorter
length of stay (3 days less in the Prehab+ group). The prehab
group also had significantly (p <0.05) less complications
and need for reoperation compared to the prehab— nega-
tive group. This included any, major, or minor complica-
tions in the perioperative and postoperative setting. There
was no statistically significant difference in the degree of
deformity based on radiographic analysis, or in the baseline
HRQL scores between the two groups pre-op. Complications
in adult cervical spine deformity surgery can be high, with
one study by Smith et al. reporting at least 1 complication

in 56% of 133 patients at one-year post-op who underwent
anterior only, posterior only and combined procedures [4].
Patient selection in spine deformity surgery plays a vital
role in decreasing the overall rate of complications in the
short and long term. Studies have shown that pre-operative
screening programs have been able to decrease the rate of
major complications in spine surgery [26]. Functional sta-
tus prior to spine surgery also influences the likelihood of
complications in the peri-operative and post-operative time
frame. [27]

One of the primary goals of a pre-habilitation program
such as the one instituted in our study is to improve function
leading into surgery mainly from a physical component but
also psychologically through CBT. The only statistically sig-
nificant baseline difference between the groups in our study
was seen in the mJOA score between the two groups. The
mJOA score may have contributed to the ability or inability
for patients to participate in the physical therapy component
of the prehab program and therefore certain patients with a
greater degree of myelopathy were unable to take part in the
prehab program. Further studies would need to be performed
to determine what benefit from baseline these patients would
still potentially experience if they were able to fully com-
plete the full prehab program.

According to Flexman et al., approximately 4% of the
spine population is deemed frail [5]. Cervical deformity
patients are reported to have even higher baseline frailty
than complex thoracolumbar patients [28]. One variable that
accounts for this high frailty is malnutrition. Lack of proper
nutritional status impacts tissue/bone healing and increases
risk of infection in the post-operative setting. Therefore, we
included nutritional therapy as part of the prehab program
in our study that included bone density therapy. Nutritional
deficiency in deformity patients is higher compared to the
degenerative spine surgery population [29, 30], and has
been associated with increased rates of peri-operative com-
plications [29]. Studies published in other surgical special-
ties have demonstrated the positive benefits of nutritional
intervention including: increasing ambulatory function,
decreased complications, alleviated weight gain or weight
loss, shortened the hospital stay, improved self-reported
health, improved cost-effectiveness, and reduced readmis-
sion rates. [31, 32]

A limitation in spine surgery prehab programs seeking
to show the benefits of incorporating physical therapy (PT)
before surgery, is lack of standardization and oversight by
trained professionals. The strength of this study relative
to that by Nielsen et al. for example [25], was that all the
patients enrolled in the prehab cohort were able to finish
their PT prior to surgery and there was a zero-attrition rate.
In addition, the prehab PT program was standardized and
monitored by trained physical therapists.
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We acknowledge limitations to the present study. This
was a retrospective, single center database analysis with-
out randomization. Selection into the two respective groups
was based on the primary operating surgeon’s evaluation.
Therefore, this could have led to selection bias affecting the
end results. Future studies where enrollment is randomized
from the beginning across multiple sites will need to be per-
formed to avoid selection bias and avoid specific study site
bias that can influence final results. We did not perform a
cost analysis in this study due to institutional limitations
restricting access to the complete cost data needed. Future
studies will need an expanded analysis of all the financial
costs from the time of entry to the time of exit in the study.
Furthermore, longer follow-up time frame to gain a more
accurate depiction of costs to the health care system will be
needed to help distinguish the benefits in the prehabilitation
group. Also, sub-analyses were not performed to help estab-
lish which component of the prehab program had a greater
impact on the statistically significant results. Future studies
will be needed to establish this and thereby help formulate
a standardized, optimal prehab program for cervical spine
deformity patients. Previous studies have focused on patients
undergoing general spine procedures, however, this is the
first study of its kind that analyzed the effect of prehabilita-
tion in the ACSD population undergoing surgery.

Conclusion

This study demonstrates that introducing prehabilitation pro-
tocols in adult cervical deformity surgery may aid in improv-
ing patient physiological status, enabling patients to undergo
longer surgeries with lessened risk of peri- and post-opera-
tive complications. Though cost-effectiveness of such pro-
grams should be further assessed, prehabilitation should be
considered for eligible patients to assist in optimizing recov-
ery and reducing complications and reoperations.
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