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Abstract

Purpose The purpose of this study was to compare patient-

reported outcomes (PROs), morbidity, and costs of TLIF vs

PLF to determine whether one treatment was superior in

the setting of single-level degenerative spondylolisthesis.

Methods Patients undergoing TLIF or PLF for single-level

spondylolisthesis were included for retrospective analysis.

EQ-5D, ODI, SF-12 MCS/PCS, NRS-BP/LP scores were

collected at baseline and 24 months after surgery. 90-day

post-operative complications, revision surgery rates, and

satisfaction scores were also collected. Two-year resource

use was multiplied by unit costs based on Medicare pay-

ment amounts (direct cost). Patient and caregiver workday

losses were multiplied by the self-reported gross-of-tax

wage rate (indirect cost). Total cost was used to assess

mean total 2-year cost per QALYs gained after surgery.

Results 62 and 37 patients underwent TLIF and PLF,

respectively. Patients in the PLF group were older

(p\ 0.01). No significant differences were seen in baseline

or 24-month PROs between the two groups. There was a

significant improvement in all PROs from baseline to

24 months after surgery (p\ 0.001). Both groups had

similar rates of 90-day complications, revision surgery,

satisfaction, and similar gain in QALYs and cost per

QALYs gained. There was no significant difference in

24-month direct, indirect, and total cost.

Conclusions Overall costs and health care utilization were

similar in both the groups. Both TLIF and PLF for single-

level degenerative spondylolisthesis provide improvement

in disability, pain, quality of life, and general health.

Keywords TLIF � QALYs � Interbody fusion �
Degenerative spondylolisthesis � Outcomes

Introduction

In the setting of degenerative spondylolisthesis, lumbar

fusion may lead to improved patient-reported outcomes

compared with decompression alone [1, 2]. The use of

interbody fusion (IBF) devices as adjuncts has drastically

increased over time [3, 4]. In 2010, an estimated 83% of all

lumbar fusions for degenerative spondylolisthesis incor-

porated interbody fusion [5]. Rationale for the use of the

IBF in the setting of degenerative spondylolisthesis

includes increased disc height with indirect decompression,

reduction of slippage, more favorable fusion environment

compared to the posterior lateral gutters, and load sharing

with posterior instrumentation [6–9]. However, the trans-

lation to clinical benefits has yet to be adequately

demonstrated.

Controversy exists due to conflicting studies that have

questioned the benefits of IBF. A recent meta-analysis by

McAnany et al. demonstrated that there were no differ-

ences in fusion rates, operative time, estimated blood loss,

Oswestry Disability Index (ODI), SF-36 Physical Compo-

nent Score (SF-36 PCS), Visual Analog Scale (VAS), or

complication rates between PLF and IBF in degenerative

spondylolisthesis while patients undergoing IBF had
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greater length of hospital stay [10]. Another recent sys-

tematic review by Baker et al. suggests that patients with

instability may benefit most from IBF [11]. Furthermore,

while the addition of an interbody fusion may increase

surgical costs, financial burden is not well defined in the

literature with some studies presenting conflicting evidence

about the effect on long-term cost compared to PLF alone

[8, 12].

Few studies have assessed whether interbody fusion

provides improved outcomes while using transforaminal

lumbar interbody fusion (TLIF) as their sole method of

IBF. The purpose of this study was to compare patient-

reported outcomes (PROs), morbidity, direct and indirect

healthcare costs of TLIF vs PLF. We sought to analyze

whether the addition of TLIF led to superior patient-re-

ported outcomes compared to PLF alone in the setting of

single-level lumbar degenerative spondylolisthesis.

Materials and methods

A retrospective analysis of prospectively collected data

between 2010 and 2013 was performed from a single

institution. An approval for the study and wavier of

informed consent was obtained from the institutional

review board (IRB) for all the patients entered into the

registry. The inclusion criteria for the study were: (1)

patients age[18 years; (2) presenting with leg and/or back

pain; (3) correlative imaging findings for the diagnosis of

degenerative spondylolisthesis; and (4) failure of multi-

modal non-operative measures over 3 months or patients

with progressive neurological deficit. The exclusion criteria

were: (1) diagnosis of spinal tumor, trauma, or infection;

(2) degenerative spine diagnosis other than spondylolis-

thesis; (3) multi-level spine disease; (4) any extra-spinal

cause of back or leg pain; and (5) patients who were

unwilling or unable to participate in the follow-up

questionnaires.

Patients undergoing either TLIF or PLF for single-level

degenerative spondylolisthesis of the lumbar spine were

analyzed. In the TLIF cohort, interbody fusion was per-

formed as an adjunct to posterolateral fusion with pedicle

screw fixation. The decision to perform a TLIF was at the

discretion of the treating surgeon. Patients operated on by

six surgeons were entered into the registry. All surgeons

are fellowship-trained spine surgeons with varying level of

seniority. The treating surgeons diagnosed patients based

on clinical examination and correlative imaging findings.

Patient demographics including age, body mass index

(BMI), duration and amount preoperative opioid use,

smoking status, duration of symptoms, employment status,

comorbidities (diabetes, hypertension, coronary artery

disease, myocardial infarction, preoperative anticoagula-

tion, congestive heart failure, chronic obstructive pul-

monary disease, and osteoporosis), clinical presentation,

operative variables (intra-operative estimated blood loss,

length of surgery, length of hospital stay, graft type), and

post-operative morbidity (complications, readmission, dis-

charge destination, and revision surgery) were reviewed

through electronic medical records. Zung Self-Rating

Depression Scale (ZDS) of[33 was used to dichotomize

patients into depressed and non-depressed groups [13, 14].

Modified Somatic Perception Questionnaire MSPQ of[12

was used to dichotomize patients into anxious and non-

anxious groups [15]. The following validated PROs were

recorded at baseline and 24 months after surgery: (1) back-

related disability: Oswestry Disability Index (ODI) [16];

(2) numeric rating scale (NRS) pain scores for back pain

and leg pain [17]; (3) quality of life: EuroQol-5D (EQ-5D)

[18]; (4) general health: Short-form-12 item health surgery

(SF-12), Physical component score (PCS) and Mental

component score (MCS) [19]; (5) satisfaction: North

American Spine Society (NASS) satisfaction questionnaire

[20].

Clinically significant improvement in disability (ODI),

pain (NRS-BP and LP) and quality of life (EQ-5D) were

defined using the concept of minimum clinically important

difference (MCID). The MCID represents a critical

threshold, compared with the baseline, which is considered

a clinically meaningful improvement to the patient. The

MCID compares the change in score for a PRO following

the intervention to another externally validated measure of

outcomes such as perceived improvement or satisfaction

following the procedure in question [21, 22]. Previously

published MCID values for the ODI (14.9), NRS-BP (2.1)

and NRS-LP (2.8) scores, and the EQ-5D (0.46) were used

to dichotomize the patient groups based on whether MCID

was achieved [23].

Cost data

Total 2-year costs included those associated with the

inpatient hospital stay (hospital cost), surgeons’ profes-

sional fees, and 2-year post-discharge health care utiliza-

tion. All costs were calculated based on Medicare national

payment amounts. A unit multiplier was used to stan-

dardize and eliminate any geographic variations. Such

calculations have been reported previously [24–26]. The

hospital costs were derived based on the diagnosis-related

group (DRG). Surgeons’ professional fees were derived

based on current procedural terminology (CPT) codes.

Post-discharge resource utilization was derived from CPT

codes assigned for patient self-reported resource utiliza-

tion. Low back-related outpatient visits to surgeons, other
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physicians, chiropractors, physical and occupational ther-

apists, and acupuncturists were captured. Diagnostic tests

including radiographs, CT scans, MR imaging, and elec-

tromyography were tracked. Pre- and post-operative devi-

ces utilized (braces, canes, and walkers), epidural steroid

injections, emergency department visits, back-specific

medications [non-steroidal anti-inflammatory drugs

(NSAIDs), oral steroids, narcotics, muscle relaxants, and

antidepressants], and inpatient or outpatient rehabilitation

resources were assessed. The costs associated with read-

missions to our institution during the 90-day global period

were also recorded.

Indirect costs included patient or family member

workday losses and cost of a caregiver, if this was needed.

Loss of work days were estimated by assessing the pro-

ductivity losses due to spine-related problems such as

missed workdays for those employed outside the home.

Patient income loss is calculated for the patients that were

pre-operatively employed and did not retire up to 2 years

after surgery. Costs for missed days of unpaid caregivers

were estimated based on average gross wages plus non-

health benefits. Using the standard human capital approach,

costs were estimated by multiplying the change in hours

worked by the gross-of-tax wage rate (gross income before

taxes are deducted) based on wages reported by patients at

study entry. All the indirect costs were estimated based on

2012 median patient and family income rates. Such cal-

culations for indirect costs have been previously validated

[24, 25, 27–30].

Statistical analysis

Mean (standard deviation) and median (range) for contin-

uous variables and frequency for categorical variables were

computed. Student’s t test and Mann–Whitney U test was

used for continuous data. Nominal data was compared via

Chi-squared test. Quality-adjusted life years were calcu-

lated from the EQ-5D with US valuation. 1- and 2-year

spine-related medical resource utilization, missed work,

and health state values (QALYs, calculated from the EQ-

5D with US valuation using time-weighted area under the

curve approach) were assessed. QALYs at 1- and 2-year

are presented as mean and 95% CI. Mean total 1- and

2-year cost per QALYs gained after surgery was assessed

for TLIF vs. PLF groups. Total cost (direct ? indirect) was

used to assess mean total 2-year cost per QALY gained for

TLIF vs. PLF surgery. For indirect costs, the average

indirect costs for all patients were calculated. A

p value\0.05 was considered statistically significant.

Analysis was performed using SPSS version 20 (IBM Inc,

Chicago, IL, USA).

Results

A total of 62 patients underwent TLIF and 37 patients

underwent PLF. Table 1 illustrates the preoperative char-

acteristics of the patients in the study. There was a sig-

nificant difference seen in age with older patients

belonging to the PLF cohort [58.7 (31.5–75.9) vs. 65.8

(29.7–83.7) p = 0.006]. No significant differences were

seen with regards to duration of symptoms, duration of pre-

operative opioid use, BMI, co-morbidities, or employment

status. EBL, length of surgery, length of hospital stay, and

discharge destination also showed no statistical difference.

No significant differences were seen in PROs at baseline

or 24 month between the two groups (Table 2). There was

a significant improvement in all PROs from baseline to

24 months after surgery (p\ 0.001). Patients in the TLIF

cohort compared to PLF had significantly higher

improvement in general physical health (SF-12 PCS:

12.3 ± 12.1 vs. 6.1 ± 14.1, p = 0.03) and back pain

(NRS-BP: 3.6 ± 3.2 vs. 2.3 ± 2.7, p = 0.04). Both groups

had similar rates of 90-day complications [6.5% (n = 4)

vs. 13.5% (n = 5), p = 0.237], 90-day readmissions [3.2%

(n = 2) vs. 2.7% (n = 1), p = 0.687], and revision surgery

within the 2-year post-operative period [8.1% (n = 5) vs.

10.8% (n = 4), p = 0.724]. The patients undergoing TLIF

had higher rate of return to work (RTW) within 90 days,

however, the difference did not reach statistical signifi-

cance. (82.7 vs. 66.7%, p = 0.202). There were no dif-

ferences in the frequency of patients achieving satisfaction

at 2 years post-operatively [NASS 1 and 2: 84% (n = 52)

vs. 81% (n = 30), p = 0.82].

The total 2-year costs associated with TLIF was $34,708

($23,931–$64,700, 95% CI) which was similar to the total

cost associated with PLF $34,977 ($24,675–$69,844),

(p = 0.901). There was no significant difference in

24-month direct [$29,648 ($17,296–$47,639) vs. $31,554

($24,675–$67,536), (p = 0.204)] and indirect costs [$5059

($3398–$6719) vs. $3423 ($1523–$5323), (p = 0.19)]

between TLIF and PLF cohorts. There was a significant

difference in terms of surgeon’s professional fee [$3068

($2949–$3187) vs. $2784 ($2604–$2965), p = 0.010] with

costs being higher in the TLIF group (Table 3). Both the

groups had similar post-discharge resource utilization,

except with regards to frequency of MRI scans, which was

higher in the PLF group [19.3% (n = 12) vs. 40.5%

(n = 15), p = 0.022] (Table 4).

Both groups had significant gain in QALY from 1 year

(TLIF: 0.26, PLF 0.32) to 2 years (TLIF: 0.43, PLF 0.50),

p = 0.01. The TLIF group had 0.43 QALYs gained at

2 years and the PLF group had 0.50 QALYs gained

(p = 0.604). The cost per QALYs gained at 2 years was
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$80,716 per QALY gained in the TLIF group vs. $69,954

per QALY gained in the PLF group (p = 0.21) (Table 5).

Discussion

The purpose of this study was to compare PROs, morbidity,

and cost-effectiveness of TLIF and PLF in patients with

single-level lumbar degenerative spondylolisthesis. Both

groups had similar demographics and comorbidities except

that patients who underwent PLF were significantly older

compared to those who underwent TLIF. No significant

differences in improvement were seen among the two

groups with regards to EQ-5D, ODI, SF-12 MCS, or NRS-

LP. Furthermore, satisfaction and 90-day morbidity

following surgery were also similar between the two

groups. However, patients undergoing TLIF had signifi-

cantly greater improvement in general physical health (SF-

12 PCS) and back pain (NRS-BP) scores at 2 years com-

pared to the PLF group (Table 6).

A previous meta-analysis by McAnany et al. demon-

strated that there were no differences in fusion rates and

PROs between patients undergoing IBF vs. PLF; however,

the patients undergoing PLF were noted to have signifi-

cantly shorter length of stay [10]. This meta-analysis

included five separate studies all of which analyzed the

benefits of the IBF vs. PLF for degenerative spondy-

lolisthesis. One of the more notable studies included in

this analysis was performed by Høy et al. who performed

a randomized clinical trial examining the benefits of TLIF

Table 1 Preoperative characteristics of patients in the study cohort

TLIF n = 62 PLF n = 37 p value

Age [median (range)] 58.7 (31.5–75.9) 65.8 (29.7-83.7) 0.006

BMI [median (range)] 29.4 (19.7–44.1) 28 (20.3–39.8) 0.490

Duration of preoperative narcotic use (days) [median (range)] 7 (0–2920) 21 (0–5475) 0.171

Smokers 13 (20.9%) 4 (10.8%) 0.272

Neurogenic claudication 6 (9.67%) 6 (16.2%) 0.256

Motor deficit 18 (29.03%) 6 (16.2%) 0.225

Duration of symptoms 0.142

\3 months 2 (3.22%) 1 (2.7%)

3–12 months 12 (19.4%) 14 (37.8%)

[12 months 47 (75.8%) 22 (59.4%)

Anxiety 9 (14.5%) 2 (5.4%) 0.167

Depression 8 (12.9%) 5 (13.5%) 0.931

Employed preoperatively 29 (46.7%) 16 (43.2%) 0.733

Comorbidities

History of MI 3 (4.8%) 1 (2.7%) 0.52

History of hypertension 35 (56.5%) 22 (59.5%) 0.835

History of diabetes 15 (24.1%) 5 (13.5%) 0.2

History of CAD 9 (14.5%) 9 (24.3%) 0.221

History of COPD 1 (1.61%) 2 (5.4%) 0.287

History of atrial fibrillation 2 (3.23%) 3 (8.1%) 0.283

History of arthritis 40 (64.5%) 30 (81.08%) 0.08

Estimated blood loss (ml) [median (range)] 380 (50–3600) 350 (50–1350) 0.744

Length of surgery (min) [median (range)] 234 (124–495) 216 (93–376) 0.116

Length of hospital stay (days) [median (range)] 3 (0–8) 3 (1–8) 0.929

Type of graft \0.0001

Autologous (iliac crest) 6 (9.7%) 6 (16.2%)

Allograft or local autograft mixed with allograft 2 (3.2%) 31 (83.8%)

Structural graft (PEEK spacer/cage) 54 (87.1%) 0

Discharge destination 0.639

Home 50 (80.6%) 30 (81.1%)

Inpatient/rehabilitation 9 (14.5%) 7 (18.9%)
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vs. PLF [31]. Their most recent follow-up data, with an

impressive mean follow-up of 8.6 years, demonstrated no

significant differences in ODI, SF-36, Dallas pain ques-

tionnaire (DPQ), or low back pain questionnaire (LBRS),

or RTW [32]. However, this study included patients with

multiple etiologies of back pain and was not unique to

those with the diagnosis of degenerative spondylolisthesis.

In their original study, they confirmed that their results

were not powered for subgroup analysis [31].

Furthermore, McAnany et al. concluded that removal of

the Høy study resulted in a loss of statistical significance

in favor of PLF for length of stay in their meta-analysis

[10]. In our study, there were no differences in the LOS

between the two groups. Similarly, there were no signif-

icant differences in the direct cost and total cost at

2 years after TLIF and PLF surgery. There were no dif-

ferences in the QALYs gained or cost per QALY gained

2 years after surgery. These results indicate that at

Table 2 Patient-reported

outcomes for TLIF and PLF

(baseline PROs, 90-day

complication, readmission,

RTW and 24-month PROs,

satisfaction, clinically

significant improvement and

revision surgery)

TLIF mean (SD) PLF mean (SD) p value

Baseline PROs

EQ-5D 0.58 (0.18) 0.56 (0.21) 0.623

ODI 48.0 (14.7) 48.4 (14.9) 0.889

SF-12 MCS 48.4 (11) 49.3 (9.02) 0.651

SF-12 PCS 27.3 (7.3) 27.7 (9.6) 0.807

NRS-BP 7.23 (1.88) 6.65 (2.23) 0.174

NRS-LP 6.89 (2.41) 6.74 (3.07) 0.802

24-month PROs

EQ-5D 0.73 (0.24) 0.72 (0.22) 0.871

ODI 26.3 (18.9) 28.3 (19.8) 0.623

SF-12 MCS 50.7 (12.7) 53.4 (10.3) 0.653

SF-12 PCS 39.2 (12.9) 33.9 (13.4) 0.250

NRS-BP 3.6 (3.1) 4.3 (2.8) 0.232

NRS-LP 2.8 (3.2) 3.2 (3.4) 0.531

Change score for PROs

EQ-5D 0.17 (0.27) 0.17 (0.21) 0.964

ODI 21.7 (17.8) 20.1 (20.6) 0.712

SF-12 MCS 3.1 (13.3) 4.1 (10.7) 0.631

SF-12 PCS 12.3 (12.1) 6.1 (14.1) 0.030

NRS-BP 3.6 (3.2) 2.3 (2.7) 0.040

NRS-LP 4.0 (4.2) 3.2 (4.5) 0.362

Achieved MCID for PROs

EQ-5D 8 (12.9%) 3 (8%) 0.355

ODI 39 (62.9%) 23 (62.1%) 0.550

NRS-BP 38 (61.3%) 16 (43.2%) 0.062

NRS-LP 39 (62.9%) 20 (54.1%) 0.255

Satisfaction (NASS)

Surgery met expectations (NASS 1) 43 (69%) 26 (70%) 0.933

Satisfied (NASS 1 and 2) 52 (83.8%) 30 (81%) 0.822

90-day RTW* 24 (82.7%) 10 (66.7%) 0.202

90-day complications 4 (6.45%) 5 (13.5%) 0.237

90-day readmission 2 (3.22%) 1 (2.7%) 0.687

Revision surgery 5 (8.06%) 4 (10.8%) 0.724

Wound dehiscence 0 1 (2.7%)

Revision spondylolisthesis 1 (1.6%) 1 (2.7%)

Revised implant 1 (1.6%) 0

Pseudoarthrosis 1 (1.6%) 1 (2.7%)

Adjacent segment disease 2 (3.2%) 1 (2.7%)

* Only for those employed pre-operatively
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24 months there was no significant increase in financial

burden when TLIF was added to PLF. Bydon et al. in

their retrospective review demonstrated increased rates of

pseudoarthrosis and reoperation in PLF vs. patients

undergoing IBF with greater than 2-year follow-up [8].

This suggests that TLIF may potentially be a more dur-

able procedure than PLF alone and cost-effectiveness may

shift in favor of TLIF due to increased rates of pseu-

doarthrosis and reoperation with PLF when assessed with

longer follow-up than 24 months.

Table 3 Direct and indirect cost at 24 month for TLIF and PLF surgery

Mean (SD) TLIF n = 62 PLF n = 37 p value

Surgeons’ professional fee (CPT-based) $3068 ($468) $2784 ($542) 0.010

Hospital cost (DRG-based) $22,384 ($3581) $23,410 ($7056) 0.414

Post discharge resource utilization, 24 month $4196 ($3368) $5358 ($4996) 0.174

Total direct cost, 24 month $29,648 ($4968) $31,554 ($8153) 0.204

Total patient income loss (for those employed preoperatively) $9604 ($6425) $10,678 ($5458) 0.684

Total family income loss (for those who took time off to care for patient) $1326 ($916) $2674 ($1912) 0.054

Total caregiver cost, 24 month $23 ($110) 0 –

Total (mean) indirect cost, 24 month $5059 ($6538) $3423 ($5698) 0.190

Total cost, 24 month $34,708 ($9392) $34,977 ($10,972) 0.901

Table 4 24-month post-discharge health care resource utilization

Frequency n (%) p value Number [median (range)] p value

TLIF n = 62 PLF n = 37 TLIF n = 62 PLF n = 37

Health care visits

Surgeon visits 62 (100%) 37 (100%) – 3 (1–12) 3 (1–7) 0.105

Physician visits 30 (48.4%) 17 (45.9%) 0.814 0 (0–28) 0 (0–52) 0.605

Inpatient PT 7 (11.2%) 8 (21.6%) 0.165 0 (0–21) 0 (0–14) 0.196

Outpatient PT/OT 45 (72.5%) 32 (86.5%) 0.107 8 (0–64) 12 (0–108) 0.102

Acupuncture 1 (1.6%) 2 (5.4%) 0.31 0 (0–11) 0 (0–5) 0.301

Chiropractor 6 (9.6%) 2 (5.4%) 0.365 0 (0–30) 0 (0–12) 0.444

Medication use

Narcotic 58 (93.5%) 31 (83.7%) 0.119 10 (0–695) 42 (0–725) 0.567

Muscle relaxants 53 (85.5%) 28 (75.6%) 0.221 52 (0–725) 10 (0–695) 0.033

NSAIDs 45 (72.6%) 25 (67.5%) 0.596 65 (0–740) 81 (0–725) 0.930

Oral steroids 9 (14.5%) 3 (8.1%) 0.345 0 (0–425) 0 (0–270) 0.319

Antidepressants 0 (0–545) 0 (0–375) 0.623

Spine injection 12 (19.4%) 8 (21.6%) 0.786 0 (0–3) 0 (0–15) 0.570

Diagnostic use

X-ray 54 (87.1%) 31 (83.7%) 0.647 2 (0–8) 2 (0–12) 0.892

CT scan 17 (27.4%) 8 (21.6%) 0.347 0 (0–3) 0 (0–3) 0.558

MRI scan 12 (19.3%) 15 (40.5%) 0.022 0 (0–5) 0 (0–4) 0.023

EMG 9 (27.4%) 1 (2.7%) 0.602 0 (0–1) 0 (0–1) 0.603

ER visits 8 (12.9%) 10 (27%) 0.08 0 (0–2) 0 (0–3) 0.116

Indirect resource utilization

Patient work days misseda – – – 48 (2–155) 66 (12–127) 0.689

Family work days missed 22 (35.4%) 11 (29.7%) 0.557 0 (0–40) 0 (0–65) 0.724

In TLIF group, of the 29 patients employed preoperatively, one patient was unemployed at 2 year after surgery, 28 patients RTW at median

48 days (range 2–155) after surgery. In PLF group, two patients were disabled at 2 years and 14 patients RTW at median 66 days (range 12–127)

after surgery
a The number of patient work days lost was calculated for the patients that were pre-operatively employed
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As demonstrated in our study, patients undergoing TLIF

had higher improvement in general physical health and back

pain compared to PLF. While this difference may potentially

have been associated by the type of procedure performed, it

may also have been impacted by the significant difference in

age. Patients in the TLIF cohort were on average younger than

those in the PLF groupwhichmay be the reasoning for greater

improvement in physical health and back pain. Overall costs

as well as other outcomes were otherwise similar between the

two cohorts; however, it is difficult to determine whether the

addition of TLIF provides greater clinical benefit. Ha et al. in

their study noted patients undergoing IBF only had significant

differences in improvement in ODI and VAS compared to

patients undergoing PLF when patients were noted to have

dynamic degenerative spondylolisthesis [33]. The addition of

an interbody fusionmay provide more benefit over PLF alone

primarily in patients with dynamic instability, the importance

of which has been previously indicated in the literature

[11, 34, 35].

Multiple previous studies have reported the benefits of

IBF for patients with degenerative spondylolisthesis yet

only a few studies incorporate methods using TLIF as the

sole method of IBF. First described by Harms and

Jeszensky, the TLIF is a modification to the posterior

lumbar interbody fusion (PLIF) procedure using a more

lateral approach through the vertebral foramen to access

the disc space reducing some of the risks and limitations

associated with PLIF such as increased retraction of the

thecal sac and neural elements [36]. A few comparative

studies have shown that TLIF affords outcomes similar to

PLIF and have even shown TLIF to be associated with less

complications [37, 38]. Therefore, studies that have pre-

viously included both TLIF and PLIF treatments into a

single cohort may have unintentionally introduced bias into

their studies. It is critical that individual IBF methods are

distinguished in any comparative study to truly assess

whether one method is superior to PLF alone given that

each IBF method may have statistically different outcomes.

Outside of our study, Fujimori et al. provided one of the

few studies that have made the distinction of using only

TLIF as their method for IBF in the setting of degenerative

spondylolisthesis [39]. In their retrospective cohort study,

they determined that patients with TLIF had significantly

greater improvement in back pain, leg pain, reduction of

slippage, and post-operative disk height compared to those

with PLF alone. We uniformly compared TLIF only to PLF

instead of including multiple IBFs for a single disease

process eliminating possible bias from heterogeneity.

There are limitations to our study that need to be

addressed. First, the number of patients in each TLIF and

PLF sub-groups were low. We were able to provide two-

year post-operative outcomes, which is a major strength of

the study; however, this unfortunately diminished our

sample sizes. There was also a significant difference with

regards to age between the two cohorts which limits our

ability to interpret the results. This is a single institution

study and the inpatient costs were derived based on the

DRG. The DRG-based hospital cost will not reflect the

accurate cost based on the type of implant or biologics

used. The decision to perform TLIF vs PLF was at the

surgeon’s discretion, and was not standardized for this

Table 5 QALYs gained and

cost-utility at 12 and 24 months

following TLIF and PLF

surgery

Mean (95% CI) TLIF n = 62 PLF n = 37 p value

QALYs gained, 12 month (EQ-5D) 0.26 (0.16–0.36) 0.32 (0.19–0.46) 0.415

QALYs gained, 24 month (EQ-5D) 0.43 (0.27–0.59) 0.50 (0.28–0.71) 0.604

Cost per QALYs gained, 12 month $126,242 $101,934 0.621

Cost per QALYs gained, 24 month $80,716 $69,954 0.212

Table 6 24-month outcomes of patients stratified by predominant

source of pain (back pain, leg pain, back pain = leg pain)

Back pain TLIF PLF p value

Mean (SD) Mean (SD)

n = 24 n = 12

EQ-5D 0.68 (0.26) 0.74 (0.14) 0.402

ODI 31.4 (17.5) 26.5 (15.9) 0.406

SF-12 MCS 50.8 (12.2) 55.8 (12.2) 0.265

SF-12 PCS 36.3 (11.4) 36.3 (11.5) 0.611

NRS-BP 4.4 (2.7) 4.7 (3.1) 0.786

NRS-LP 3.4 (3.3) 2.4 (3.4) 0.43

Leg pain n = 7 n = 6

EQ-5D 0.89 (0.10) 0.73 (0.36) 0.32

ODI 12 (14) 28.3 (19.8) 0.241

SF-12 MCS 52.1 (11.9) 47.8 (13.1) 0.555

SF-12 PCS 52.4 (5.1) 40.4 (15) 0.109

NRS-BP 1 (1.1) 3.3 (3.1) 0.128

NRS-LP 0.71 (3.2) 3.7 (3.3) 0.08

Back pain = Leg pain n = 30 n = 19

EQ-5D 0.73 (0.24) 0.73 (0.23) 0.893

ODI 25.3 (19.9) 29.5 (20.2) 0.486

SF-12 MCS 50.5 (13.8) 53.5 (7.8) 0.308

SF-12 PCS 38.9 (13.8) 31.8 (14.1) 0.094

NRS-BP 3.3 (2.9) 4.6 (2.9) 0.15

NRS-LP 2.5 (3.1) 3.5 (3.6) 0.324
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analysis. The diagnosis was also confirmed by the treating

surgeon only. We were also not able to retrospectively

assess which patients in our study had dynamic instability

pre-operatively limiting our ability to further delineate

whether this subgroup of patients may have been the most

to benefit from the addition of TLIF. Furthermore, there is

literature suggesting that a subset of patients with degen-

erative spondylolisthesis may benefit from decompression

alone without the addition of instrumentation [40, 41].

However, this treatment option was not included in our

study, therefore, we are only able to compare the effec-

tiveness of TLIF to PLF rather than determine the most

superior method to treat this disease. Ideally, future studies

that prospectively assess outcomes of TLIF compared to

PLF and decompression alone in degenerative spondy-

lolisthesis while stratifying for disease characteristics such

as dynamic instability may help further improve our

understanding of which patients can benefit from the

addition of TLIF.

Conclusion

Both TLIF and PLF for single-level degenerative spondy-

lolisthesis provide improvement in disability, pain, quality

of life, and general health. Overall costs and health care

utilization are similar in both groups. Future, randomized

studies prospectively assessing patients with degenerative

spondylolisthesis in the setting of dynamic instability are

needed to delineate which patients may potentially benefit

the most from the addition of TLIF.
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