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a b s t r a c t 

Background: Low back pain from lumbar spondylosis affects a large proportion of the population. In select cases, 

lumbar fusion may be considered. However, cohort studies have not shown clear differences in long-term out- 

comes between PSF, TLIF, ALIF, and AP fusion. Thus, differences in perioperative complications might affect 

choice between these procedures for the given diagnosis. The current study seeks to compare perioperative ad- 

verse events for patients with lumbar spondylosis treated with single-level: posterior spinal fusion (PSF), trans- 

foraminal lumbar interbody fusion (TLIF), anterior lumbar interbody fusion (ALIF), or combined anterior and 

posterior lumbar fusion (AP fusion). 

Methods: Patients with a diagnosis of lumbar spondylosis who underwent single-level lumbar fusion without 

decompression were identified in the 2010-2016 National Quality Improvement Program (NSQIP) database. Pa- 

tients were categorized based on their procedure (PSF, TLIF, ALIF, or AP fusion). Unadjusted Fisher’s exact and 

Pearson’s chi-squared tests were used to compare demographics and comorbid factors. Analysis was secondar- 

ily done with propensity score matching to address potential differences in patient selection between the study 

cohorts. 

Results: In total, 1816 patients were identified: PSF n = 322, TLIF n = 800, ALIF n = 460, AP fusion n = 234. The 

procedures did not have different thirty-day individual or aggregated (any, serious, minor, or infection) adverse 

events. Further, propensity score matched analysis also revealed no differences in individual or aggregated thirty- 

day perioperative events. 

Conclusion: The current study demonstrates a lack of difference in thirty-day perioperative adverse events for 

different fusion procedures performed for lumbar spondylosis, consistent with prior longer-term outcome studies. 

These findings suggest that patient/surgeon preference and other factors not captured here should be considered 

to determine the best surgical technique for the select patients with the given diagnosis who are considered for 

lumbar fusion. 

Summary Sentence: Using the NSQIP 2010-2016 databases, this study showed that perioperative adverse events 

were similar for different surgical approaches of single-level fusion for single-level lumbar spondylosis. 
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Low back pain from lumbar spondylosis affects a large proportion

f the population. In the US, the one year prevalence of back pain is

reater than 50%, and the lifetime prevalence is up to 80%. 1 While

any patients improve on their own or with nonoperative modalities, 2 

or those where operative intervention is chosen, one of several surgical
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ntervention may be considered. 3 These include posterolateral spinal

usion (PSF), transforaminal lumbar interbody fusion (TLIF), anterior

umbar interbody fusion (ALIF), and combined anterior-posterior fusion

AP fusion). Multiple papers have shown the complications of a specific

ndividual procedure, 4-14 and a few studies have compared outcomes

uch as pain, quality of life, disability, or satisfaction between different
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rocedures performed for this diagnosis, but without details on compli-

ations. 15-20 

Between these four procedures, PSF remains one of the most common

echniques, 21 though has limitation in restoring lumbar lordosis due to

ack of anterior column support, lesser fusion surface area, and possibly

ot directly addressing the pain generator of axial back pain. 22 TLIF has

he advantage of adding anterior column support, but the restoration

f lordosis and fusion surface area may be limited. 23 , 24 ALIF similarly

ddresses the anterior column and can well restore lordosis, but has the

isks of an anterior approach. 4 , 25 AP fusion has the theoretical advan-

age of high initial stability and fusion surface area, though it requires

wo distinct surgical approaches. 6 , 7 , 15 , 26 

A few studies and meta-analyses have attempted to compare the out-

omes of these different approaches in the treatment of degenerative

umbar spine condition. Fritzell et al compared three different fusion

echniques and found that all techniques could reduce pain and im-

rove function. No specific fusion technique was found to be superior to

he others, with the authors noting small differences in fusion rates and

linical success rates. 15 , 16 , 18 , 21 Cost is another variable that is difficult

o factor, as more complex surgeries likely incur higher costs, but this

ay be affected by many variables. 6 , 20 Although these patient reported

utcomes have been studied, and individual procedure complications

ave been described, there remains a deficit of knowledge of short-term

omplications of the procedures in relation to one another. In addition,

atient numbers in these studies have been low and often isolated to a

ingle institution. 

Considering the risks, benefits, and alternatives for any surgical

ecision-making is paramount. Without definitive differences in long

erm surgical outcomes from different surgical approaches for single

evel lumbar spondylosis, 18 a question arises if there are differences for

hort-term, peri-operative adverse events. To address this question, the

arge sample size and high-quality data of the National Surgical Quality

mprovement Program (NSQIP) was used to perform a retrospective re-

iew of prospectively collected data to compare and contrast these four

ifferent surgical management approaches for low back pain. 

aterials and methods 

tudy populations 

De-identified data from the NSQIP database from years 2010 to 2016

as utilized. This database collects over 150 variables, including demo-

raphic, comorbidities, and thirty day peri-operative outcomes (regard-

ess of discharge status). 27 The data in NSQIP is collected by a certified

nd trained surgical clinical reviewers, and routine inter-rater reliability

udits show less than 5% disagreement rate. 27 The Institutional Review

oard at the author’s institution granted an exception for studies using

his database. 

NSQIP provides one primary International Classification of Disease

ICD) code for each case. The current study identified cases of lumbar

pondylosis by using ICD, Ninth Edition (ICD-9) code 721.3. 

The patients were then identified as having undergone different sur-

ical interventions. Patients who underwent PSF were identified by

odes 22612 or 22840. TLIF was organized by codes 22630 or 22633.

ases treated by ALIF only were identified by code 22558, while ex-

luding 22612 and 22840. Patients who underwent AP fusion had code

2558 and included any one of 22612 or 22840. 

Cases of trauma, tumor, and infection were excluded. Patients were

xcluded if they underwent more than one-level surgery, identified by

PT codes for additional levels: 22585, 22614, or 22632. Deformity

ases were excluded as well, identified by CPT codes 22800, 22802,

2804, 22808, and 22810. Lastly in order to maintain the population

s patients with back pain only, CPT codes for decompression were ex-

luded: 63005, 63012, 63017, 63030, 63047, and 63056. 
atient characteristics and outcomes 

The following demographic variables were abstracted directly from

SQIP: patient age, gender, weight, height, American Society of Anes-

hesiologists (ASA) classification, and comorbid factors of diabetes (use

f any pharmacologic agent) and smoking status (smoked in the year

rior to surgery). Body mass index (BMI) was calculated based on weight

nd height. The ASA classification provided a marker for general health

tatus as has been done in prior studies, 28-33 with diabetes 34 and smok-

ng as additional variables to control. 

Operative and hospital variables were additionally abstracted. These

ncluded operative time, hospital length of stay (LOS), and thirty-day

eadmissions. 

For the first 30 days after surgery, the occurrence of defined adverse

utcomes were additionally abstracted. These were tabulated and ag-

regated into several groups: any adverse events, serious adverse events,

inor adverse events, and infections. Serious adverse events were death,

ardiac arrest, stroke/cerebrovascular accident, sepsis/septic shock, my-

cardial infarction, renal failure, pulmonary embolism, peripheral nerve

njury, ventilator time > 48 hours, unplanned intubation, or unplanned

eturn to the operating room. Minor adverse events were deep wound

nfection, superficial wound infection, wound dehiscence, renal insuf-

ciency, deep vein thrombosis/thrombophlebitis, pneumonia, urinary

ract infection, or transfusion. The infection group distinctly regrouped

everal complications: included deep infection, superficial infection, or

epsis. 

tatistical analyses 

All statistical analyses were performed using STATA version 13 (Stat-

Corp LP, College Station, TX). 

Comparisons of the four groups in terms of demographics and co-

orbid factors were performed using Fisher’s exact and Pearson’s chi-

quared tests. In order to minimize the effects of nonrandom patient

election into each treatment group, propensity score matching was uti-

ized. Propensity matching uses observed covariate data to match pa-

ients with similar demographics but from different treatment groups.

n this study, each patient treated with AP fusion was utilized as the

ontrol and matched with each of the other groups with regard to the

ollowing demographic factors: age, gender, BMI, ASA class, diabetes,

nd smoking status as has been done in prior studies. 35 

After the propensity matched groups were created for each proce-

ure, adverse outcome rates were then compared again using Fisher’s

xact and Pearson’s chi-squared tests. 35 A 2-sided alpha level of 0.05 was

et as statistically significant for the analyses, but considering the 17 dif-

erent adverse events, the alpha level was adjusted to 0.003 according to

onferroni’s correction. 36 Adverse events and binomial outcomes were

hen aggregated and compared across fusion techniques. 

esults 

tudy population 

In total, 1816 patients with single-level lumbar spondylosis were

dentified. Of these, PSF was performed for 322, TLIF for 800, ALIF for

60, and AP fusion for 234 ( Table 1 ). 

atient characteristics 

Table 2 shows the demographic and comorbidities of the patients in

he four groups. Patients who underwent PSF tended to have higher BMI

p = 0.045), and patients with higher ASA classification (3 or greater)

ended to undergo PSF or AP fusion (p = 0.027). After propensity score

atching, the distributions of BMI and ASA classification in the four

roups were not statistically different (p = 0.728 and p = 0.982, respec-
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Table. 1 

Case distribution 

Procedure Number of Cases Percentage 

PSF 322 17.73% 

TLIF 800 44.05% 

ALIF 460 25.33% 

AP fusion 234 12.89% 

PSF = Posterior spinal fusion, TLIF = Transforaminal lumbar interbody fusion, 

ALIF = Anterior lumbar interbody fusion, AP fusion = Combined anterior and 

posterior fusion 
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ively). Age, gender, diabetes status, and smoking status were not dif-

erent among the four groups before or after propensity matching. 

In terms of hospital and operative variables, no differences were

oted in operative times, hospital LOS, and readmissions before or after

ropensity matching ( Table 3 ). 

utcomes 

Table 4 shows the individual adverse events that occurred in the

tudy population. Of all the NSQIP recorded adverse events, 17 occurred

t least once in one of the treatment groups. Notably, in PSF, incidence

f sepsis/shock (0.62%), deep wound infection (1.24%), and transfu-

ion (10.25%) were elevated relative to the other procedures; further, in

LIF, unplanned return to the OR (3.13%), UTI (1.63%) incidence were

levated. However, after Bonferroni’s correction was applied, there were

o differences in the rates of the adverse events before or after propen-

ity score matching. 

The individual adverse events were also aggregated into several

roups: total adverse events, serious adverse events, minor adverse

vents, and infection. If a patient had any adverse event (serious or mi-

or), this was counted once in total adverse events. Among the four

reatment groups, there were no differences in aggregated groupings of

dverse events, before or after propensity matching ( Table 5 ). 
Table. 2 

Demographics 

PSF (n = 322) TLIF (n = 800) ALIF (n = 460) 

Number Percentage Number Percentage Number Percenta

Age 

≤ 44 74 22.98% 182 22.75% 120 26.09% 

45-54 62 19.25% 184 23.00% 126 27.39% 

55-64 87 27.02% 224 28.00% 104 22.61% 

65-74 66 20.50% 152 19.00% 85 18.48% 

≥ 75 33 10.25% 58 7.25% 25 5.43% 

Gender 

Male 157 48.76% 405 50.63% 234 50.87% 

Female 165 51.24% 395 49.38% 226 49.13% 

BMI 

≤ 24 47 14.60% 144 18.00% 98 21.30% 

25-29 98 30.43% 266 33.25% 159 34.57% 

30-34 99 30.75% 222 27.75% 125 27.17% 

≥ 35 78 24.22% 168 21.00% 78 16.96% 

ASA 

.1 14 4.35% 42 5.26% 11 2.40% 

.2 162 50.31% 443 55.44% 288 62.75% 

.3 137 42.55% 300 37.55% 150 32.68% 

. ≥ 4 9 2.80% 14 1.75% 10 2.18% 

Diabetes 

No 270 83.85% 665 83.13% 394 85.65% 

NIDDM 36 11.18% 91 11.38% 46 10.00% 

IDDM 16 4.97% 44 5.50% 20 4.35% 

Moking 

No 242 75.16% 610 76.25% 341 74.13% 

Yes 80 24.84% 190 23.75% 119 25.87% 

Bolding indicates statistical significance at p < 0.05. ASA = American Society of Ane

IDDM = Insulin-dependent diabetes mellitus 
iscussion 

Spondylosis is a major contributor to worldwide morbidity, with an

stimated 60-80% of adults experiencing low back pain at some point

n their lifetime. 37 While many patients do improve with non-surgical

reatment, 2 , 38-40 surgical management may be chosen for some patients.

he most common surgical treatment for lumbar spondylosis is fusion, of

hich there are multiple surgical approaches, including PSF, TLIF, ALIF,

nd AP fusion. Numerous studies have demonstrated the effectiveness

f a single surgical method in treating patients with lumbar spondylo-

is, however, there is still controversy surrounding the best practice of

are. 4 , 7 , 25 , 41-46 

Comparisons of surgical techniques have been performed,

hrough both randomized and large multicenter retrospective stud-

es. 6 , 15 , 16 , 18-20 , 47 However, the majority of these studies focus on

linical satisfaction and rates of fusion rather than perioperative com-

lications. To date, there is no clear consensus or evidence on which

urgical technique provides the best long-term outcomes with regards

o functional status or cost thus raising the question of differences in

hort-term complications. 

Prior studies investigating short-term adverse events have found a

eneral wide array of complications for each of the procedures de-

cribed. For example, wound infection and hardware failure has been

escribed in PSF, 48 while wound infection, sepsis, and post-operative

adiculitis has been shown in TLIF. 9 , 10 Similar findings have also been

ound in AP fusion with incidence of infection, wound breakdown and

ailure of stabilization. 14 In addition, wound breakdown, deep wound

nfection, postoperative ileus and lacerated vessels have also been re-

orted. 7 , 10 , 49 Lastly, studies of ALIF procedures also found infection and

ound issues alongside vascular injury, retrograde ejaculation, ileus,

ymphocele and post-operative pneumonia. 12 , 17 None of these studies,

owever, compared and contrasted the risk for these adverse events to

he multiple other procedures. 

To our knowledge, no studies have compared and contrasted the pe-

ioperative outcomes of the four presented treatment methods. The anal-
AP Fusion (n = 234) Fisher’s Exact Test Propensity Score Matched 

ge Number Percentage p-value p-value 

0.065 0.951 

62 26.50% 

45 19.23% 

62 26.50% 

43 18.38% 

22 9.40% 

0.206 0.478 

101 43.16% 

133 56.84% 

0.045 0.728 

57 24.36% 

66 28.21% 

66 28.21% 

45 19.23% 

0.027 0.982 

13 5.56% 

116 49.57% 

100 42.74% 

5 2.14% 

0.921 0.832 

196 83.76% 

28 11.97% 

10 4.27% 

0.478 0.799 

167 71.37% 

67 28.63% 

sthesiologists classification. NIDDM = Noninsulin-dependent diabetes mellitus, 
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Table. 3 

Operative and hospital variables 

PSF (n = 322) TLIF (n = 800) ALIF (n = 460) AP Fusion (n = 234) Fisher’s Exact Test Propensity Score Matched 

p-value p-value 

Operative time (minutes) 0.056 0.365 

Mean 185.73 202.31 152.28 194.05 

Standard Deviation 93.59 90.72 94.04 106.45 

Hospital LOS (days) 0.149 0.435 

Mean 3.39 3.46 2.93 3.21 

Standard Deviation 2.64 3.18 2.04 1.78 

Readmissions 0.778 0.571 

Number 15 34 18 13 

Percentage 3.42 4.25 3.70 4.70 

Bolding indicates statistical significance at p < 0.05. LOS = Length of stay 

Table. 4 

Incidence of adverse events 

PSF (n = 322) TLIF (n = 800) ALIF (n = 460) AP Fusion (n = 234) Fisher’s Exact Test Propensity Score Matched 

Number Percentage Number Percentage Number Percentage Number Percentage p-value p-value 

Major Adverse Events 

Death 0 0.00% 1 0.13% 0 0.00% 0 0.00% 1.000 1.000 

Cardiac arrest 0 0.00% 1 0.13% 0 0.00% 0 0.00% 1.000 1.000 

Stroke/CVA 2 0.62% 0 0.00% 0 0.00% 1 0.43% 0.029 0.624 

Sepsis/shock 2 0.62% 1 0.13% 0 0.00% 1 0.43% 0.167 0.624 

Myocardial infarction 1 0.31% 3 0.38% 2 0.43% 1 0.43% 0.993 1.000 

Pulmonary embolism 1 0.31% 3 0.38% 1 0.22% 0 0.00% 1.000 ∗ ∗ 

Ventilator > 48 hours 1 0.31% 1 0.13% 0 0.00% 0 0.00% 0.583 1.000 

Unplanned reintubation 2 0.62% 2 0.25% 0 0.00% 1 0.43% 0.238 0.624 

Unplanned return to OR 10 3.11% 25 3.13% 12 2.61% 7 2.99% 0.964 0.748 

Minor Adverse Events 

Deep wound infection 4 1.24% 6 0.75% 1 0.22% 2 0.85% 0.370 0.906 

Superficial wound infection 4 1.24% 10 1.25% 4 0.87% 4 1.71% 0.781 0.776 

Wound dehiscence 0 0.00% 3 0.38% 2 0.43% 1 0.43% 0.780 1.000 

Renal insufficiency 0 0.00% 2 0.25% 0 0.00% 0 0.00% 0.777 ∗ ∗ 

Deep vein thrombosis 4 1.24% 0 0.00% 3 0.65% 1 0.43% 0.009 0.529 

Pneumonia 0 0.00% 4 0.50% 3 0.65% 4 1.71% 0.078 0.228 

Urinary tract infection 2 0.62% 13 1.63% 1 0.22% 2 0.85% 0.087 0.617 

Transfusion 33 10.25% 49 6.13% 23 5.00% 15 6.41% 0.036 0.868 

Level of significance for comparisons of adverse event rates for each of these 17 adverse events was adjusted to p < 0.003 according to Bonferroni’s correction. ∗ ∗ 

indicates no occurrences of specific adverse event after propensity matching 

Table. 5 

Aggregated adverse events and binomial outcomes 

PSF (n = 322) TLIF (n = 800) ALIF (n = 460) AP Fusion (n = 234) Fisher’s Exact Test Propensity Score Matched 

Number Percentage Number Percentage Number Percentage Number Percentage p-value p-value 

Any Adverse Event 52 16.15% 101 12.62% 45 9.78% 31 13.25% 0.069 0.448 

Serious Adverse Event 15 4.66% 34 4.25% 15 3.26% 9 3.85% 0.759 0.799 

Minor Adverse Event 41 12.73% 79 9.88% 33 7.17% 25 10.68% 0.074 0.190 

Infection 9 2.80% 16 2.00% 6 1.30% 7 2.99% 0.372 0.635 
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sis presented in the current study demonstrated no statistically signifi-

ant differences in complications such as operative time, hospital length

f stay, or readmissions between the different studies. This was mostly

onsistent with prior studies who had investigated these outcomes, how-

ver, some studies had shown longer operative times for AP fusion in

omparison to TIF or TLIF. 6 , 10 

In addition, the current study found no statistically significant dif-

erences in the rates of individual adverse events, total adverse events,

erious adverse events, or minor adverse events among these surgical

pproaches evaluated when performed for single level spondylosis. This

as done with and without propensity score matching in attempt to

ccount for potential differences in the likelihood that a given patient

ould be treated by a specific surgical method. No prior study has com-

ared and contrasted these adverse events between the four groups,

owever, it was thought that this study might find differences in pe-

ioperative adverse events between the different surgical approaches,

ut this was not the case. 

As with all database studies, there are inherent limitations. Varia-

ions in data collection and inclusion have been reported among the dif-

erent national datasets. 50 , 51 There is always the possibility of input er-

ors, information bias, or missing data. Further, it is possible that 30 days
f perioperative analysis does not catch all adverse events. Additionally,

ranularity of data is a limitation due to a lack of collection of factors

uch as specific patient reported outcomes, orthopaedic/spine specific

utcomes, hardware failure, or other procedure specific factors. It does

lso not capture differences in procedure specifics such as open versus

inimally invasive nor the specifics of complications such as presence

f cell saver being counted as the adverse complication “transfusion ”. In

ddition, the incidence of many of these complications are quite low in

hese procedures thus making it difficult to detect a difference between

opulations should one be present. Lastly, the current study does not

nclude lateral approaches which have also been used by a number of

urgeons in recent years. Despite these limitations, we feel utilizing these

our key procedures with the robust, validated data of NSQIP that tracks

atients for thirty days postoperatively provides useful background for

urgeons and future studies. 27 , 51 

onclusion 

Overall, the current study found that TLIF, PSF, AP fusion, and ALIF

or single level fusion for lumbar spondylosis have similar adverse out-

omes at thirty-day follow-up based on retrospective review of 1816
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ases in a prospectively collected national database. These findings sug-

est that patient/surgeon preference and other factors not captured here

hould be considered to determine the best surgical technique for the

elect patients with the given diagnosis who are considered for lumbar

usion. 

eclaration of Competing Interest 

No conflicts of interest or external sources of funding for this study

re reported. 

RB Approval 

This study received exemption by our institution’s Human. Investi-

ations Committee. 

upplementary materials 

Supplementary material associated with this article can be found, in

he online version, at doi: 10.1016/j.xnsj.2020.100005 . 

eferences 

[1] Walker BF . The prevalence of low back pain: a systematic review of the literature

from 1966 to 1998. J Spinal Disord 2000;13:205–17 . 

[2] Waddell G . 1987 Volvo award in clinical sciences. A new clinical model for the

treatment of low-back pain. Spine (Phila Pa 1976) 1987;12:632–44 . 

[3] Andersson J , Biyani A , Ericksen T . Lumbar Disc Disease. In Herkowitz HN, Roth-

man RH, Simeone FA eds. Rothman-Simeone, The Spine. Philadelphia: Saunders

2011:846–86 . 

[4] Newman MH , Grinstead GL . Anterior lumbar interbody fusion for internal disc dis-

ruption. Spine (Phila Pa 1976) 1992;17:831–3 . 

[5] Thomsen K , Christensen FB , Eiskjaer SP , et al. 1997 Volvo Award winner in clinical

studies. The effect of pedicle screw instrumentation on functional outcome and fu-

sion rates in posterolateral lumbar spinal fusion: a prospective, randomized clinical

study. Spine (Phila Pa 1976) 1997;22:2813–22 . 

[6] Whitecloud TS , 3rd Roesch WW , Ricciardi JE . Transforaminal interbody fusion ver-

sus anterior-posterior interbody fusion of the lumbar spine: a financial analysis. J

Spinal Disord 2001;14:100–3 . 

[7] Moore KR , Pinto MR , Butler LM . Degenerative disc disease treated with combined

anterior and posterior arthrodesis and posterior instrumentation. Spine (Phila Pa

1976) 2002;27:1680–6 . 

[8] Ong KL, Auerbach JD, Lau E, et al. Perioperative outcomes, complications, and

costs associated with lumbar spinal fusion in older patients with spinal stenosis and

spondylolisthesis. 2014;36:E5. 

[9] Rihn JA , Patel R , Makda J , et al. Complications associated with single-level trans-

foraminal lumbar interbody fusion. The Spine Journal 2009;9:623–9 . 

10] Hee HT , Castro FPJ , Majd ME , et al. Anterior/Posterior Lumbar Fusion Versus Trans-

foraminal Lumbar Interbody Fusion: Analysis of Complications and Predictive Fac-

tors. Clinical Spine Surgery 2001;14:533–40 . 

11] Rosenberg WS . Mummaneni PV. Transforaminal Lumbar Interbody Fusion: Tech-

nique, Complications, and Early Results. Neurosurgery 2001;48:569–75 . 

12] Than KD, Wang AC, Rahman SU, et al. Complication avoidance and management in

anterior lumbar interbody fusion. 2011;31:E6. 

13] Sasso RC , Best NM , Mummaneni PV , et al. Analysis of Operative Complications in a

Series of 471 Anterior Lumbar Interbody Fusion Procedures. Spine 2005;30:670–4 . 

14] Sundaresan N, Steinberger AA, Moore F, et al. Indications and results of combined

anterior —posterior approaches for spine tumor surgery. 1996;85:438. 

15] Vamvanij V , Fredrickson BE , Thorpe JM , et al. Surgical treatment of internal

disc disruption: an outcome study of four fusion techniques. J Spinal Disord

1998;11:375–82 . 

16] Fritzell P , Hagg O , Wessberg P , et al. Chronic low back pain and fusion: a comparison

of three surgical techniques: a prospective multicenter randomized study from the

Swedish lumbar spine study group. Spine (Phila Pa 1976) 2002;27:1131–41 . 

17] Madan SS , Boeree NR . Comparison of instrumented anterior interbody fusion with

instrumented circumferential lumbar fusion. Eur Spine J 2003;12:567–75 . 

18] Glassman S , Gornet MF , Branch C , et al. MOS short form 36 and Oswestry Disability

Index outcomes in lumbar fusion: a multicenter experience. Spine J 2006;6:21–6 . 

19] Kim KT , Lee SH , Lee YH , et al. Clinical outcomes of 3 fusion methods through the

posterior approach in the lumbar spine. Spine (Phila Pa 1976) 2006;31:1351–7 dis-

cussion 8 . 

20] Videbaek TS , Christensen FB , Soegaard R , et al. Circumferential fusion improves

outcome in comparison with instrumented posterolateral fusion: long-term results

of a randomized clinical trial. Spine (Phila Pa 1976) 2006;31:2875–80 . 

21] Bono CM , Lee CK . Critical analysis of trends in fusion for degenerative disc disease

over the past 20 years: influence of technique on fusion rate and clinical outcome.

Spine (Phila Pa 1976) 2004;29:455–63 discussion Z5 . 

22] Siemionow K , Muschler G . Principles of Bone Fusion. In Herkowitz HN, Rothman

RH, Simeone FA eds. Rothman-Simeone, The Spine. 6th ed. Philadelphia: Saunders

Elsevier; 2011 . 
23] Cole CD , McCall TD , Schmidt MH , et al. Comparison of low back fusion techniques:

transforaminal lumbar interbody fusion (TLIF) or posterior lumbar interbody fusion

(PLIF) approaches. Curr Rev Musculoskelet Med 2009;2:118–26 . 

24] Ames CP , Acosta FL Jr , Chi J , et al. Biomechanical comparison of posterior lumbar

interbody fusion and transforaminal lumbar interbody fusion performed at 1 and 2

levels. Spine (Phila Pa 1976) 2005;30:E562–6 . 

25] Loguidice VA , Johnson RG , Guyer RD , et al. Anterior lumbar interbody fusion. Spine

(Phila Pa 1976) 1988;13:366–9 . 

26] Suratwala SJ , Pinto MR , Gilbert TJ , et al. Functional and radiological outcomes of

360 degrees fusion of three or more motion levels in the lumbar spine for degener-

ative disc disease. Spine (Phila Pa 1976) 2009;34:E351–8 . 

27] User Guide for the 2016 ACS NSQIP Participant Use Data File], 2017. Available

at: https://www.facs.org/~/media/files/quality%20programs/nsqip/nsqip_puf_ 

userguide_2016.ashx . Accessed 2/19/2018, 2018. 

28] Hooper GJ , Rothwell AG , Hooper NM , et al. The relationship between the American

Society Of Anesthesiologists physical rating and outcome following total hip and

knee arthroplasty: an analysis of theNew Zealand Joint Registry. The Journal of

bone and joint surgery. American volume 2012;94:1065–70 . 

29] Ottesen TD , Malpani R , Galivanche AR , et al. Underweight patients are at just as

much risk as super morbidity obese patients when undergoing anterior cervical spine

surgery. The spine journal: official journal of the North American Spine Society 2020 .

30] Ottesen TD , Yurter A , Shultz BN , et al. Dialysis Dependence Is Associated With Signif-

icantly Increased Odds of Perioperative Adverse Events After Geriatric Hip Fracture

Surgery Even After Controlling for Demographic Factors and Comorbidities. JAAOS

Global Research & Reviews 2019;3:e086 . 

31] Ottesen TD , Zogg CK , Haynes MS , et al. Dialysis Patients Undergoing Total Knee

Arthroplasty Have Significantly Increased Odds of Perioperative Adverse Events In-

dependent of Demographic and Comorbidity Factors. The Journal of arthroplasty

2018 . 

32] Ottesen TD , McLynn RP , Zogg CK , et al. Dialysis is an independent risk factor for

perioperative adverse events, readmission, reoperation and mortality for patients

undergoing elective spine surgery. The spine journal: official journal of the North

American Spine Society 2018 . 

33] Ottesen TD , McLynn RP , Galivanche AR , et al. Increased complications in geriatric

patients with a fracture of the hip whose postoperative weight-bearing is restricted:

an analysis of 4918 patients. The bone & joint journal 2018;100:1377–84 b . 

34] Buerba RA , Fu MC , Gruskay JA , et al. Obese Class III patients at significantly greater

risk of multiple complications after lumbar surgery: an analysis of 10,387 patients

in the ACS NSQIP database. Spine J 2014;14:2008–18 . 

35] Gala RJ , Bovonratwet P , Webb ML , et al. Different Fusion Approaches for Single-level

Lumbar Spondylolysis Have Similar Perioperative Outcomes. Spine (Phila Pa 1976)

2018;43 E111-e7 . 

36] Dunn OJ . Multiple Comparisons among Means. Journal of the American Statistical

Association 1961;56:52–64 . 

37] Andersson GB . Epidemiological features of chronic low-back pain. Lancet

1999;354:581–5 . 

38] Deyo RA . Conservative therapy for low back pain. Distinguishing useful from useless

therapy. JAMA 1983;250:1057–62 . 

39] Smith SE , Darden BV , Rhyne AL , et al. Outcome of unoperated discogram-positive

low back pain. Spine (Phila Pa 1976) 1995;20:1997–2000 discussion -1 . 

40] Chou R , Atlas SJ , Stanos SP , et al. Nonsurgical interventional therapies for low back

pain: a review of the evidence for an American Pain Society clinical practice guide-

line. Spine (Phila Pa 1976) 2009;34:1078–93 . 

41] Kozak JA , O’Brien JP . Simultaneous combined anterior and posterior fusion. An

independent analysis of a treatment for the disabled low-back pain patient. Spine

(Phila Pa 1976) 1990;15:322–8 . 

42] Steinmann JC , Herkowitz HN . Pseudarthrosis of the spine. Clin Orthop Relat Res

1992:80–90 . 

43] Gertzbein SD , Betz R , Clements D , et al. Semirigid instrumentation in the manage-

ment of lumbar spinal conditions combined with circumferential fusion. A multicen-

ter study. Spine (Phila Pa 1976) 1996;21:1918–25 discussion 25-6 . 

44] Hinkley BS , Jaremko ME . Effects of 360-degree lumbar fusion in a workers’ com-

pensation population. Spine (Phila Pa 1976) 1997;22:312–22 discussion 23 . 

45] McCulloch JA . Uninstrumented posterolateral lumbar fusion for single level isolated

disc resorption and/or degenerative disc disease. J Spinal Disord 1999;12:34–9 . 

46] Lowe TG , Tahernia AD , O’Brien MF , et al. Unilateral transforaminal posterior lumbar

interbody fusion (TLIF): indications, technique, and 2-year results. J Spinal Disord

Tech 2002;15:31–8 . 

47] Fritzell P , Hagg O , Nordwall A , et al. Complications in lumbar fusion surgery for

chronic low back pain: comparison of three surgical techniques used in a prospective

randomized study. A report from the Swedish Lumbar Spine Study Group. Eur Spine

J 2003;12:178–89 . 

48] Ramirez N , Richards BS , Warren PD , et al. Complications After Posterior Spinal

Fusion in Duchenne’s Muscular Dystrophy. Journal of Pediatric Orthopaedics

1997;17:109–14 . 

49] Whitecloud TSI , Roesch WW , Ricciardi JE . Transforaminal Interbody Fusion Ver-

sus Anterior–Posterior Interbody Fusion of the Lumbar Spine: A Financial Analysis.

Clinical Spine Surgery 2001;14:100–3 . 

50] Bohl DD , Basques BA , Golinvaux NS , et al. Nationwide Inpatient Sample and National

Surgical Quality Improvement Program give different results in hip fracture studies.

Clin Orthop Relat Res 2014;472:1672–80 . 

51] Bohl DD , Russo GS , Basques BA , et al. Variations in data collection methods between

national databases affect study results: a comparison of the nationwide inpatient

sample and national surgical quality improvement program databases for lumbar

spine fusion procedures. J Bone Joint Surg Am 2014;96:e193 . 

https://doi.org/10.1016/j.xnsj.2020.100005
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0001
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0001
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0002
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0002
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0003
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0003
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0003
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0003
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0004
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0004
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0004
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0005
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0005
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0005
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0005
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0005
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0006
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0006
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0006
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0006
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0007
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0007
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0007
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0007
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0008
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0008
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0008
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0008
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0008
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0009
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0009
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0009
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0009
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0009
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0010
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0010
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0011
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0011
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0011
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0011
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0011
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0012
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0012
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0012
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0012
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0012
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0013
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0013
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0013
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0013
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0013
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0014
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0014
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0014
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0015
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0015
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0015
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0015
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0015
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0016
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0016
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0016
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0016
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0016
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0017
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0017
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0017
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0017
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0017
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0018
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0018
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0018
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0019
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0019
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0019
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0020
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0020
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0020
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0020
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0020
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0021
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0021
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0021
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0021
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0021
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0022
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0022
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0022
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0022
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0022
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0023
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0023
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0023
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0023
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0023
https://www.facs.org/~/media/files/quality\04520programs/nsqip/nsqip_puf_userguide_2016.ashx
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0024
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0024
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0024
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0024
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0024
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0025
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0025
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0025
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0025
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0025
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0026
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0026
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0026
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0026
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0026
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0027
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0027
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0027
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0027
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0027
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0028
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0028
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0028
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0028
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0028
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0029
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0029
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0029
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0029
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0029
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0030
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0030
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0030
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0030
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0030
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0031
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0031
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0031
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0031
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0031
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0032
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0032
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0033
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0033
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0034
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0034
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0035
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0035
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0035
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0035
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0035
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0036
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0036
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0036
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0036
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0036
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0037
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0037
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0037
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0038
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0038
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0038
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0039
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0039
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0039
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0039
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0039
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0040
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0040
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0040
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0041
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0041
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0042
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0042
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0042
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0042
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0042
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0043
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0043
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0043
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0043
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0043
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0044
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0044
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0044
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0044
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0044
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0045
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0045
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0045
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0045
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0046
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0046
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0046
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0046
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0046
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0047
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0047
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0047
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0047
http://refhub.elsevier.com/S2666-5484(20)30005-6/sbref0047

	Perioperative adverse events after different fusion approaches for single-level lumbar spondylosis
	Introduction
	Materials and methods
	Study populations
	Patient characteristics and outcomes
	Statistical analyses

	Results
	Study population
	Patient characteristics
	Outcomes

	Discussion
	Conclusion
	Declaration of Competing Interest
	IRB Approval
	Supplementary materials
	References


