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Do Clinical Outcomes and Sagittal
Parameters Differ Between Diabetics
and Nondiabetics for Degenerative
Spondylolisthesis Undergoing Lumbar Fusion?
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Abstract

Study Design: Retrospective cohort study.

Objective: To assess the effect of diabetes mellitus (DM) on clinical and radiographic outcomes in patient with degenerative
spondylolisthesis undergoing posterior lumbar spinal fusion.

Methods: Analysis of patients who underwent open posterior lumbar spinal fusion from 2011 to 2018. Patients being medically
treated for DM were identified and separated from nondiabetic patients. Visual analogue scale Back/Leg pain and Oswestry
Disability Index (ODI) were collected, and achievement of minimal clinically important difference was evaluated. Lumbar lordosis
(LL), pelvic tilt (PT), pelvic incidence (PI), and PI-LL difference were measured on radiographs. Rates of postoperative compli-
cations were also collected.

Results: A total of 850 patients were included; 78 (9.20%) diabetic patients and 772 (90.80%) nondiabetic patients. Final PI-LL
difference was significantly larger (P ¼ .032) for patients with diabetes compared to no diabetes, but there were no other sig-
nificant differences between radiographic measurements, operative time, or postoperative length of stay. There were no dif-
ferences in clinical outcomes between the 2 groups. Diabetic patients were found to have a higher rate of discharge to a facility
following surgery (P ¼ .018). No differences were observed in reoperation or postoperative complication.

Conclusions: While diabetic patients had more associated comorbidities compared with nondiabetic patients, they had similar
patient-reported and radiographic outcomes. Similarly, there are no differences in rates of reoperation or postoperative com-
plications. This study indicates that diabetic patients who have undergone thorough preoperative screening of related comor-
bidities and appropriate selection should be considered for lumbar spinal fusion.
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Introduction

Diabetes mellitus (DM) is a common comorbidity for patients

undergoing lumbar spinal fusion that continues to increase in

prevalence.1,2 According to the Centers for Disease Control

and Prevention, in 2016 more than 29 million Americans had

DM and 86 million had prediabetes.3,4 DM has previously been

established as an independent risk factor for increased adverse

events and poor clinical outcomes. Specifically, majority of

these studies have associated DM with increased length of
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hospital stay, surgical site infection, hospitalization costs, and

morbidity and mortality.1,2,5-8 Limited number of studies

address clinical outcomes in diabetic patients undergoing

spinal surgery, and have largely concluded that patients with

DM had poorer outcomes than those without DM.1,2,9-14 How-

ever, few studies have examined outcomes in patients with

degenerative spondylolisthesis after an open posterior lumbar

fusion.15-17

Given the poor outcomes that are widely attributed to dia-

betic patients undergoing lumbar fusion, it is prudent to exam-

ine spinopelvic parameters as a potential contributor to these

outcomes; especially, in light of the direct relationship between

health-related quality of outcome scores (HRQOL) and proper

restoration of sagittal or spinopelvic parameters in spine fusion

surgeries, and in patients with degenerative spondylolisth-

esis.15,18-24 Additionally, it is important to examine the impact

of DM on sagittal parameters because studies have reported

increased intervertebral disc degeneration, decreased bone

matrix density, and extended fracture reunion time with

DM.25-27 Many of these changes are normally seen with

advanced age and contribute to biomechanical changes and

instability of the spine.28,29 Specifically, studies have used ani-

mal models and human disc tissue to explain the increased

intervertebral disc degeneration with DM and have reported

accelerated cell apoptosis in the nucleus pulposus, accumula-

tion of advanced glycation end products in discs, and decreased

microvascular density in endplates as contributing mechan-

isms.25,30,31 Disc degeneration, osteoporosis or osteopenia, and

improper fracture reunion can result in decreased intervertebral

height accompanied by slack in supporting spinal ligaments,

which alters the normal biomechanics of the spine and shifts

more load-bearing to the facet joints along with increasing

torsional stiffness.26,32 Overtime the facet joints develop

degenerative changes leading to spine instability and possible

sagittal malalignment.29,33 Despite the potential effect of DM

on alignment, there is a lack of data examining the relationship

between DM and sagittal or spinopelvic parameters following

lumbar spinal fusion surgery.

In this study, we compared both the clinical and radiogra-

phical outcomes of DM in patients who had an open lumbar

spinal fusion surgery utilizing a cohort from a single academic

institution. We hypothesize that the patients with DM will have

worse clinical outcomes, fusion rates, radiographic sagittal

parameters, and reoperation rates compared to patients without

DM. This study can be utilized for preoperative surgical plan-

ning and postoperative management of patients with DM.

Materials and Methods

Study Design

A retrospective cohort study was conducted of consecutive

patients who were indicated for elective open posterior lumbar

spinal fusion after failure of conservative treatment to address

radiculopathy and neurogenic claudication at a single academic

institution between January 2011 and January 2018. Exclusion

criteria included the following: less than 18 years of age at the

time of surgery, had a lumbar fracture, tumor, or infection,

fusions involving the thoracic spine, high-grade spondylolisth-

esis, or concomitant deformity.

Demographic, Clinical, and Radiographic
Measurement Analysis

Demographic information collected for all patients included:

age, sex, body mass index (BMI), smoking status, psychiatric

condition, preoperative opiate use, and American Society of

Anesthesiologists (ASA) class. Patients being medically

treated for DM were identified and separated from non-

diabetic patients. The diagnosis of diabetes was made if

the patient had fasting glucose levels of >126 mg/dL on

2 separate tests as well as hemoglobin A1c levels of >6.5%
on 2 separate tests.

Using Opal Viztek-RAD, PPX Imaging, Inc, several radio-

graphic parameters were measured preoperatively, immedi-

ately postoperatively (standing radiographs performed on

postoperative day 1), and at the most recent follow-up: lumbar

lordosis (LL), pelvic tilt (PT), and pelvic incidence (PI)

(Figures 1 and 2). The PI-LL difference was calculated. PT

was identified as the angle between a line through the midpoint

of the superior sacral endplate to the center of the femoral

heads and a vertical reference line. PI was obtained as the

resultant angle of a line through the midpoint of the superior

sacral endplate to the center of the femoral heads and the line

perpendicular to the midpoint of the superior sacral endplate.

Figure 1. Schematic of radiographic measurements.
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LL defined as the resultant angle of the L1 superior endplate

and the S1 superior endplate. As part of the preoperative plan-

ning, the surgeons assessed the lumbar spine sagittal para-

meters on plain radiographs. The amount of sagittal balance

correction was based on their individualized evaluation. Gen-

erally speaking, if sagittal imbalance correction was deemed

necessary, the goal of the correction was to obtain a PI-LL

mismatch of 9� or less. Finally, fusion assessment was per-

formed on plain radiographs. Fusion was determined to be

present if bone bridging was present between transverse pro-

cesses and/or facets at the fusion level on both anteroposterior

and lateral plain radiograph views. If flexion and extension

lateral lumbar plain radiographs were obtained, fusion was

deemed present if there was no visible motion between the

vertebral body and fusion adjunct.

Preoperative and final patient-reported outcomes were

obtained in the form of visual analogue scale (VAS)–back pain,

VAS–leg pain, and Oswestry Disability Index (ODI). Addition-

ally, the rates of dural tear, postoperative complications

(aspiration, urinary tract infection, acute renal failure, epidural

hematoma, altered mental status, deep vein thrombosis/pul-

monary embolism, stroke, myocardial infarction, pneumonia,

pleural effusion, urinary incontinence, neurological deficit, or

hardware complications), postdischarge destination, reopera-

tion, pseudoarthrosis, as well as operative time and postopera-

tive length of stay were recorded. The following operative

characteristics were also recorded: number of levels fused, the

use of an interbody cage, and if intraoperative neuromonitoring

was employed. Minimal clinically important difference

(MCID) thresholds were as follows: ODI 14.9, VAS–back pain

2.1, VAS–leg pain 2.8, which is based on previous thresholds

reported in the literature for posterior lumbar fusion.34

Statistical Analysis

Analysis was conducted using Stata version 13.1 (StataCorp

LP, College Station, TX). Binary outcome variables were com-

pared between diabetic and nondiabetic groups with multivari-

ate logistic regression for categorical variables, and continuous

outcome variables were compared using multivariate linear

regression. Baseline patient and operative characteristics were

compared using chi-square analysis and t tests for categorical

and continuous data, respectively. Multivariate analyses con-

trolled for baseline patient and operative characteristics, such

as age, smoking status, and BMI. The threshold for statistical

significance was set at P < .05.

Results

A total of 850 patients were included; 78 (9.20%) diabetic

patients and 772 (90.80%) nondiabetic patients. The average

length of clinical follow-up was 22.99 + 18.50 months (range:

6-83 months) and average length radiological follow-up was

15.47 + 12.41 months (range: 6-83 months). For diabetic

Figure 2. Lateral neutral x-ray of diabetic patient prior to posterior lumbar spinal fusion (A), following fusion (B), and at final follow-up (C).
Lateral neutral x-ray of nondiabetic patient prior to posterior lumbar spinal fusion (D), following fusion (E), and at final follow-up (F).
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patients, the average hemoglobin A1c was 7.20% + 1.18%
(range: 5.10%-10.70%). On bivariate analysis, diabetic patients

were older (P < .001), had higher body mass index (P < .001),

greater ASA scores (P < .001), and higher prevalence of grade

1 spondylolisthesis (P < .001), while nondiabetic patients were

more likely to have had an interbody used (P ¼ .024, Table 1).

A total of 203 patients (23.88%) had prior lumbar surgeries,

which included 68 (33.50%) patients with prior lumbar fusions

and 135 (66.55%) patients with decompression alone (isolated

laminectomy and discectomy). In this group, 149 (73.40%)

patients had prior lumbar spine surgery at the same level, and

of these, 32 (21.48%) were lumbar fusions. Indications for

lumbar fusion after a prior lumbar spine surgery included lack

of symptomatic relief, iatrogenic instability, and recurrence of

herniation of the nucleus pulposus and/or stenosis.

On multivariate linear regression, final PI-LL difference

was significantly larger (P ¼ .032) for patients with diabetes

compared with those without diabetes, but there were no other

significant differences between radiographic measurements, or

operative time (Table 2). Pain control, drain output, physical

therapy clearance, discharge to facility, and postoperative com-

plications, such as urinary tract infection or epidural hema-

toma, were among the reasons for a delay in discharge;

however, the postoperative length of stay was similar for both

cohorts. There was no difference in VAS-back, VAS-leg, and

ODI scores between the 2 groups (Table 3).

Furthermore, diabetic patients were found to have a higher

rate of discharge to a facility following surgery (P ¼ .018,

Table 4). There was no difference in rate of dural tear,

reoperation, postoperative complication, pseudoarthrosis, or

early adjacent segment degeneration. The pseudoarthrosis rate

for patients without diabetes was 6.06% and 8.20% for patients

with diabetes while the reoperation rate was 6.05% for nondia-

betic patients and 12.50% for diabetic patients. No difference

in achievement of MCID for VAS-back, VAS-leg, or ODI

scores was found between diabetics and nondiabetic patients.

Discussion

Prevalence of DM continues to increase in the United States

and accordingly the number of diabetic patients undergoing

lumbar fusions continues to rise.3,4 While many studies have

assessed complications and clinical outcomes for diabetic

patients after undergoing spinal surgery,1,2,5-8 there is little in

the literature regarding effect of diabetes on sagittal or spino-

pelvic parameters. It is important to examine the impact of DM

on sagittal parameters because increased disc degeneration,

osteoporosis or osteopenia, and improper fracture reunion asso-

ciated with DM can contribute to instability and, subsequent,

sagittal malalignment in patients.25-29 The present study

assessed 850 diabetic and nondiabetic patients and found over-

all similar radiographic and clinical outcomes. The final PI-LL

difference was significantly larger for patients with diabetes

versus those without diabetes but there were no other signifi-

cant differences between radiographic measurements, opera-

tive time, postoperative length of stay, VAS-back, VAS-leg,

and ODI scores, or MCID achievement between the 2 groups.

Furthermore, diabetic patients had higher rates of discharge to a

Table 1. Baseline Patient/Operative Characteristics.

No Diabetes Diabetes All Patients

Pan/Mean %/(SD) n/Mean %/(SD) n/mean %/(SD)

Overall 772 90.80 78 9.20 850 100.00
Demographics

Age (years) 57.62 (13.90) 65.60 (10.07) 58.35 (13.78) <.001
Body mass index (kg/m2) 30.68 (6.14) 33.84 (6.29) 30.96 (6.21) <.001
Pain duration (mo) 38.63 (56.37) 49.41 (77.16) 39.64 (58.66) .130
Female sex 408 52.85 45 57.69 453 53.29 .414

Current smoker 95 12.45 4 5.13 99 11.77 .056
History of psychiatric condition 85 11.13 12 15.38 97 11.52 .262
Preoperative opiate use 243 31.81 23 29.49 266 31.59 .675
ASA �3 250 32.38 57 73.08 307 36.12 <.001

Spondylolisthesis
Grade 1 393 50.91 58 74.36 451 53.06 <.001
Grade 2 54 6.99 3 3.85 57 6.71 .289
Isthmic 81 10.49 6 7.69 87 10.24 .437

Prior lumbar spine surgery 188 24.35 15 19.23 203 23.88 .312
Prior lumbar fusion 60 7.77 8 10.26 68 8.00 .441
Operative characteristics

One-level fusion 494 63.99 52 66.67 546 64.24 .638
Two-level fusion 233 30.18 21 26.92 254 29.88 .549

Three- or more level fusion 45 5.83 5 6.41 50 5.88 .835
Interbody used 198 25.65 11 14.10 209 24.59 .024

Abbreviations: SD, standard deviation; ASA, American Society of Anesthesiologists.
a Boldfaced P values indicate statistically significant values.
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Table 2. Radiographic measurements, degenerative diagnosis used as reference.

No Diabetes Diabetes All Patients Multivariate Linear Regression

Mean (SD) Mean (SD) Mean (SD) b Pa

Preoperative
Lumbar lordosis �49.58 (15.09) �44.54 (15.75) �49.10 (15.21) 3.991 .091
Pelvic tilt 24.25 (13.31) 25.04 (13.68) 24.32 (13.33) �0.551 .830
Pelvic incidence 54.73 (16.84) 57.46 (16.67) 54.98 (16.82) 0.743 .821
PI-LL difference 5.29 (15.27) 11.89 (16.20) 5.90 (15.46) 3.820 .193

Postoperative
Lumbar lordosis �46.67 (16.01) �43.39 (13.48) �46.36 (15.80) 3.041 .194
Pelvic tilt 25.46 (12.03) 27.75 (13.80) 25.69 (12.23) 0.646 .757
Pelvic incidence 55.65 (15.72) 57.95 (13.92) 55.89 (15.54) 0.009 .997
PI-LL difference 8.91 (19.18) 13.36 (14.93) 9.37 (18.82) 2.225 .493

Final
Lumbar lordosis �48.43 (18.03) �43.40 (20.92) �47.95 (18.36) 4.846 .081
Pelvic tilt 25.05 (14.04) 25.28 (12.40) 25.07 (13.89) �1.277 .618
Pelvic incidence 54.70 (18.46) 59.45 (14.82) 55.15 (18.19) 3.526 .297
PI-LL difference 5.82 (20.61) 15.74 (23.53) 6.75 (21.07) 8.108 .032

Change preoperative to postoperative
Lumbar lordosis 2.90 (11.71) 1.24 (8.58) 2.75 (11.45) �0.613 .749
Pelvic tilt 2.14 (7.11) 1.11 (8.31) 2.04 (7.23) �0.227 .878
Pelvic incidence �0.23 (10.84) 2.17 (9.67) 0.01 (10.74) 1.010 .658
PI-LL difference 2.39 (13.77) 2.57 (10.58) 2.41 (13.46) 0.342 .906

Change postoperative to final
Lumbar lordosis 1.47 (13.76) 1.51 (19.39) 1.47 (14.37) 0.694 .775
Pelvic tilt 1.04 (9.07) �0.70 (6.94) 0.86 (8.88) �1.333 .480
Pelvic incidence �0.20 (12.58) �1.00 (10.32) �0.28 (12.36) �1.589 .555
PI-LL difference 0.94 (17.19) �2.34 (9.15) 0.60 (16.57) �2.621 .460

Change preoperative to final
Lumbar lordosis �1.59 (14.95) �0.08 (18.72) �1.45 (15.33) 1.110 .651
Pelvic tilt �1.57 (7.75) �0.71 (5.36) �1.49 (7.55) 1.041 .509
Pelvic incidence �0.59 (13.58) �0.18 (9.16) �0.55 (13.21) 0.638 .818
PI-LL difference �1.93 (19.75) 2.01 (22.54) �1.56 (20.03) 4.511 .287

Operative time (minutes) 189.07 (72.87) 187.49 (45.87) 188.93 (70.78) �6.108 .498
Postoperative length of stay (days) 3.47 (1.59) 4.12 (1.99) 3.53 (1.64) 0.316 0.124

Abbreviations: SD, standard deviation; PI-LL, Pelvic incidence � lumbar lordosis.
a Boldfaced P value indicates statistically significant value.

Table 3. Patient-Reported Outcomes.

No Diabetes Diabetes All Patients Multivariate Linear Regression

Mean (SD) Mean (SD) Mean (SD) b P

Preoperative
VAS back 6.35 (2.75) 7.80 (2.58) 6.47 (2.77) 1.258 .052
VAS leg 5.87 (2.83) 6.39 (3.65) 5.91 (2.90) 0.313 .660
ODI 43.42 (18.13) 51.80 (14.23) 44.13 (17.97) 7.284 .070

Final
VAS back 4.24 (4.87) 4.17 (2.68) 4.23 (4.72) 0.149 .892
VAS leg 3.47 (3.18) 2.52 (2.72) 3.39 (3.15) �1.206 .097
ODI 30.42 (20.63) 34.33 (19.99) 30.73 (20.58) 2.094 .632

Change preoperative to final
VAS back 2.64 (3.03) 3.11 (3.05) 2.68 (3.02) 0.209 .806
VAS leg 2.87 (3.49) 3.99 (4.55) 2.95 (3.58) 0.806 .448
ODI 15.22 (17.17) 17.87 (16.35) 15.44 (17.08) 3.818 .432

Abbreviations: SD, standard deviation; VAS, visual analogue scale; ODI, Oswestry Disability Index.

290 Global Spine Journal 10(3)



facility despite comparable reoperation, postoperative compli-

cation, and pseudoarthrosis rates compared with nondiabetic

patients.

Patient-reported clinical outcomes were comparable

between diabetic and nondiabetic patients. Our results contrast

with multiple studies that have shown that patients with DM

have worse clinical outcomes with increased morbidity com-

pared to patients without DM.1,2,9-14,19-21 Armaghani et al14

studied clinical outcomes in 1005 diabetic and nondiabetic

patients undergoing spine surgery, and noted significantly

worse outcomes for diabetics compared with nondiabetic

patients despite improvement in both groups from preoperative

scores. More specifically, Freedman et al1 examined patient-

reported clinical outcomes in 594 diabetic and nondiabetic

patients with degenerative spondylolisthesis treated with open

lumbar fusion. This study found that patients with diabetic

patients had worse outcomes than nondiabetics.1 Contrarily,

Bendo et al19 evaluated 32 diabetic patients undergoing open

posterior lumbar fusion and reported comparable clinical out-

comes. Our results reflect specific patient-reported outcomes

for diabetic patients with degenerative spondylolisthesis in iso-

lation as we controlled for all of the associated comorbidity;

thus, the diagnosis of diabetes independently may not cause

worse outcomes. However, our results may also be explained

by the vigorous preoperative medical clearance and careful

selection of patients with moderately controlled diabetes and

proper surgical indications. Majority of our patients may have

been non–insulin-dependent diabetics with moderately con-

trolled blood glucose levels and hemoglobin A1c and without

progression of DM late stage with neuropathy, which would

favor clinical outcomes similar to nondiabetic patients. Dia-

betic patients were also counseled about the potential for worse

outcomes after surgery that can influence patient expectations

and perceived improvement of symptoms.

Even though the clinical outcomes between diabetic and

nondiabetic patients were comparable, diabetic patients were

older with higher prevalence of obesity and ASA�3 compared

with nondiabetic patients. The literature largely supports these

results although some studies have found similar age and BMI

between the 2 cohorts.1,2,9 Appaduray et al2 concluded that

patients with DM were older and had more associated comor-

bidities than those without DM after evaluating 902 patients

who underwent lumbar decompression and/or spinal fusion.

There was also a higher likelihood of discharge to facility for

diabetic patients compared with nondiabetics, which is an

interesting finding given that the 2 cohorts had comparable

postoperative complications. However, DM has been noted

as an independent predictor of discharge to facility by few

previous studies.7,35,36 Aldebeyan et al35 analyzed discharge

destination of 15 092 patients and identified DM as predictor

of discharge to facility. With the advent of bundled-care reim-

bursement systems for many procedures, the increased rate of

discharge to facilities for diabetics must be accounted for in

order to maintain appropriate access of these patients to these

interventions.

Final PI-LL differences were significantly larger in diabetic

patients compared with nondiabetic patients, which is the first

time such an association has been noted in literature. In fact, PI-

LL difference of diabetic patients remained >10� and larger

than nondiabetic patients from preoperative to final evaluation

although these differences were not statistically significant.

Regardless, PI-LL difference of >10� signifies global sagittal

malalignment, and is compensated by larger PT and smaller

LL; however, these compensations were lacking in the diabetic

patients.37,38 Kim et al15 examined clinical and sagittal para-

meters in 18 patients with degenerative spondylolisthesis after

undergoing posterior interbody fusion, and reported that sagit-

tal parameters influence clinical outcomes and should be

addressed in fusion to promote sagittal balance. Several other

studies have also addressed the importance of sagittal balance

for achieving good clinical outcomes in patients with degen-

erative spondylolisthesis.16,17 These studies did not consider

the presence or absence of diabetes, thus postulating an expla-

nation for the PI-LL difference between the diabetic and

Table 4. Postoperative Complications and Reoperation.

No Diabetes Diabetes All Patients Multivariate Logistic Regression

n % n % n % OR Pa

Dural tear 51 6.61 7 8.97 58 6.82 1.269 .600
Postoperative complication 71 9.20 10 12.82 81 9.53 1.279 .525
Discharge to facility 55 7.15 18 23.08 73 8.62 2.330 .018
Reoperation 25 6.05 6 12.50 31 6.72 1.885 .267
ODI MCID 93 48.19 12 66.67 105 49.76 2.569 .131
VAS-back MCID 106 55.21 10 55.56 116 55.24 0.992 .989
VAS-leg MCID 94 49.74 9 56.25 103 50.24 1.016 .980
Pseudoarthrosis 35 6.06 5 8.20 40 6.26 1.714 .325
Early adjacent segment degeneration 116 15.03 17 21.79 133 15.65 1.529 .186

Early ASD at level above 103 22.79 12 27.91 115 23.23 1.388 .398
Early ASD at level below 31 7.23 8 19.51 39 8.30 2.562 .051

Abbreviations: ODI, Oswestry Disability Index; OR, odds ratio; MCID, minimal clinically important difference; VAS, visual analog scale; ASD, adjacent segment
degeneration.
a Boldfaced P value indicates statistically significant value.
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nondiabetic patients must rely on animal model studies. Studies

have shown increased intervertebral disc degeneration,

decreased bone matrix density, and extended fracture reunion

time found in animal model and human tissue with DM, which

may decrease the ability to compensate for sagittal malalign-

ment.25-27 These studies elucidate a difference in the biological

components of the spine in a patient with diabetes, which may

contribute to the PI-LL mismatch. Higher BMI in diabetic

patients was controlled for in the multivariate analysis and,

thus, cannot be used to explain the PI-LL mismatch noted in

patients with diabetes. However, there may be little relevance

of these results given that PI-LL is an important consideration

in deformity correction surgeries which were not included in

our study cohorts. Additionally, the association between sagit-

tal parameters and clinical outcomes noted in many studies was

not observed in this study as there was no difference in clinical

outcomes between the 2 cohorts. Park et al39 reported similar

findings after examination of 223 patients with adult spinal

deformity undergoing minimally invasive or hybrid correction

surgery.39 They found that achievement of spinopelvic para-

meter was not predictive of improvement in minimal clinical

important difference or substantial clinical difference in clin-

ical outcomes. As mentioned previously, this lack of difference

in clinical outcomes may be due to the focused nature of our

study cohort that included only diabetic patients with degen-

erative spondylolisthesis. Further clinical and biochemical

studies may be beneficial to understand the large PI-LL mis-

match and lack of compensation for spinopelvic malalignment

in diabetic versus nondiabetic patients.

The present study does have several limitations. Selection

bias is a potential concern as a retrospective cohort study.

Furthermore, the level of diabetic control was difficult to ascer-

tain from this retrospective analysis, and adjustment for this

can be difficult given the wide variety of medical treatments

available. Majority of the diabetic patients in this study were

moderately controlled, which limits the generalizability of the

results to patients with uncontrolled diabetes. In addition, data

regarding the rate of readmission was limited because it was

outside the scope of this study and patients that may have been

readmitted at an outside hospital could not be captured. The

study is further limited due to the lack of long-term follow-up

for all our patients although the average clinical follow-up was

approximately 23 months. However, this is the first study to

explore possible associations between sagittal parameters and

DM which creates an avenue for future discussion and inves-

tigation, specifically for stratifying hemoglobin A1c levels and

DM type. Although, we cannot comment on the global mala-

lignment because full-length spine plain radiographs were not

obtained for all patients (as per surgeon protocol). Addition-

ally, there were baseline differences between diabetic patients

and non-diabetics. In an effort to increase clinical applicability

and reduce selection bias, multivariate analyses controlled for

baseline demographics and preoperative characteristics

between groups. Finally, another limit to the generalization

of these results is that the data reflects the work of only 3

surgeons at a single academic center. However, this study

provides support for individualized evaluation of diabetic

patients indicated for lumbar fusion surgery rather than avoid-

ing the consideration of surgery due to the worry of insufficient

improvement of symptoms and radiographic parameters due to

associated comorbidities and risk of complications.

Conclusion

Diabetic patients have a higher likelihood of associated comor-

bidities compared with nondiabetic patients. However, patients

with DM have similar patient-reported and radiographic out-

come, except for a larger final PI-LL difference following an

open posterior lumbar fusion. Similarly, there were no differ-

ences in reoperation rates and postoperative complications.

This study indicates that open lumbar spinal fusion can be safe

and effective for diabetic patients after vigorous preoperative

medical clearance and careful selection of patients with well-

controlled diabetes and proper surgical indications. Future

studies are necessary to understand the biomechanical impact

of DM on the ability to restore and maintain lumbosacral sagit-

tal balance following lumbar fusion surgery.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to

the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, author-

ship, and/or publication of this article.

ORCID iD

Jannat M. Khan https://orcid.org/0000-0001-5232-9607

References

1. Freedman MK, Hilibrand AS, Blood EA, et al. The impact of

diabetes on the outcomes of surgical and nonsurgical treatment

of patients in the spine patient outcomes research trial. Spine

(Phila Pa 1976). 2011;36:290-307.

2. Appaduray SP, Lo P. Effects of diabetes and smoking on lumbar

spinal surgery outcomes. J Clin Neurosci. 2013;20:1713-1717.

3. Shaw JE, Sicree RA, Zimmet PZ. Global estimates of the preva-

lence of diabetes for 2010 and 2030. Diabetes Res Clin Pract.

2010;87:4-14.

4. Martin B, Mirza SK, Spina N, Spiker WR, Lawrence B, Brodke

DS. Trends in lumbar fusion procedure rates and associated hos-

pital costs for degenerative spinal diseases in the United States,

2004-2015. Spine (Phila Pa 1976). 2019;44:369-375.

5. Golinvaux NS, Varthi AG, Bohl DD, Basques BA, Grauer JN.

Complication rates following elective lumbar fusion in patients

with diabetes: insulin dependence makes the difference. Spine

(Phila Pa 1976). 2014;39:1809-1816.

6. Chen S, Anderson MV, Cheng WK, Wongworawat MD. Diabetes

associated with increased surgical site infections in spinal arthrod-

esis. Clin Orthop Relat Res. 2009;467:1670-1673.

292 Global Spine Journal 10(3)

https://orcid.org/0000-0001-5232-9607
https://orcid.org/0000-0001-5232-9607
https://orcid.org/0000-0001-5232-9607


7. Browne JA, Cook C, Pietrobon R, Bethel MA, Richardson WJ.

Diabetes and early postoperative outcomes following lumbar

fusion. Spine (Phila Pa 1976). 2007;32:2214-2219.

8. Guzman JZ, Iatridis JC, Skovrlj B, et al. Outcomes and complica-

tions of diabetes mellitus on patients undergoing degenerative

lumbar spine surgery. Spine (Phila Pa 1976). 2014;39:1596-1604.

9. Takahashi S, Suzuki A, Toyoda H, et al. Characteristics of diabetes

associated with poor improvements in clinical outcomes after lum-

bar spine surgery. Spine (Phila Pa 1976). 2013;38:516-522.

10. Sakaura H, Miwa T, Yamashita T, Kuroda Y, Ohwada T.

Lifestyle-related diseases affect surgical outcomes after posterior

lumbar interbody fusion. Global Spine J. 2016;6:2-6.

11. Salmenkivi J, Sund R, Paavola M, Ruuth I, Malmivaara A. Mor-

tality caused by surgery for degenerative lumbar spine. Spine

(Phila Pa 1976). 2017;42:1080-1087.

12. Park P, Nerenz DR, Aleem IS, et al. Risk factors associated with

90-day readmissions after degenerative lumbar fusion: an exam-

ination of the Michigan Spine Surgery Improvement Collabora-

tive (MSSIC) Registry [published online August 3, 2018].

Neurosurgery. doi:10.1093/neuros/nyy358

13. Afsharian T, Azhari S, Mostafazadeh B. Comparison of post-

operative clinical outcome after repairing surgery for lumbar

spinal stenosis between diabetic and nondiabetic patients. Asian

J Neurosurg. 2017;12:424-427.

14. Armaghani SJ, Archer KR, Rolfe R, Demaio DN, Devin CJ. Dia-

betes is related to worse patient-reported outcomes at two years

following spine surgery. J Bone Joint Surg Am. 2016;98:15-22.

15. Kim MK, Lee SH, Kim ES, Eoh W, Chung SS, Lee CS. The

impact of sagittal balance on clinical results after posterior inter-

body fusion for patients with degenerative spondylolisthesis: a

pilot study. BMC Musculoskelet Disord. 2011;12:69.

16. Sears W. Posterior lumbar interbody fusion for degenerative

spondylolisthesis: restoration of sagittal balance using insert-

and-rotate interbody spacers. Spine J. 2005;5:170-179.

17. Ren H, Geng W, Ma J, et al. Correlation analysis of changes of

spine-pelvic sagittal parameters before and after operation and

effectiveness in patients with lumbar spondylolisthesis [in Chi-

nese]. Zhongguo Xiu Fu Chong Jian Wai Ke Za Zhi. 2015;29:

1269-1274.

18. Glassman SD, Bridwell K, Dimar JR, Horton W, Berven S,

Schwab F. The impact of positive sagittal balance in adult spinal

deformity. Spine (Phila Pa 1976). 2005;30:2024-2029.

19. Bendo JA, Spivak J, Moskovich R, Neuwirth M. Instrumented

posterior arthrodesis of the lumbar spine in patients with diabetes

mellitus. Am J Orthop (Belle Mead NJ). 2000;29:617-620.

20. Cho W, Lenke LG, Bridwell KH, et al. Comparison of spinal

deformity surgery in patients with non-insulin-dependent diabetes

mellitus (NIDDM) versus controls. Spine (Phila Pa 1976). 2012;

37:E978-E984.

21. Cinotti G, Postacchini F, Weinstein JN. Lumbar spinal stenosis

and diabetes. Outcome of surgical decompression. J Bone Joint

Surg Br. 1994;76:215-219.

22. Li WS, Li G, Chen ZQ, Wood KB. Sagittal plane analysis of the

spine and pelvis in adult idiopathic scoliosis. Chin Med J (Engl).

2010;123:2978-2982.

23. Yang X, Kong Q, Song Y, Liu L, Zeng J, Xing R. The character-

istics of spinopelvic sagittal alignment in patients with lumbar

disc degenerative diseases. Eur Spine J. 2014;23:569-575.

24. Mehta VA, Amin A, Omeis I, Gokaslan ZL, Gottfried ON. Impli-

cations of spinopelvic alignment for the spine surgeon. Neurosur-

gery. 2012;70:707-721.

25. Tsai TT, Ho NY, Lin YT, et al. Advanced glycation end products

in degenerative nucleus pulposus with diabetes. J Orthop Res.

2014;32:238-244.

26. Agius R, Galea R, Fava S. Bone mineral density and interverteb-

ral disc height in type 2 diabetes. J Diabetes Complications. 2016;

30:644-650.

27. Roszer T. Inflammation as death or life signal in diabetic fracture

healing. Inflammation Res. 2011;60:3-10.

28. Jean L. Influence of age and sagittal balance of the spine on the

value of the pelvic incidence. Eur Spine J. 2014;23:1394-1399.

29. Kanter AS, Asthagiri AR, Shaffrey CI. Aging spine: challenges

and emerging techniques. Clin Neurosurg. 2007;54:10-18.

30. Jiang L, Zhang X, Zheng X, et al. Apoptosis, senescence, and

autophagy in rat nucleus pulposus cells: implications for diabetic

intervertebral disc degeneration. J Orthop Res. 2013;31:692-702.

31. Chen S, Liao M, Li J, Peng H, Xiong M. The correlation between

microvessel pathological changes of the endplate and degenera-

tion of the intervertebral disc in diabetic rats. Exp Therap Med.

2013;5:711-717.

32. Homminga J, Lehr AM, Meijer GJ, et al. Posteriorly directed

shear loads and disc degeneration affect the torsional stiffness

of spinal motion segments: a biomechanical modeling study.

Spine (Phila Pa 1976). 2013;38:E1313-E1319.

33. Gotfried Y, Bradford DS, Oegema TR Jr. Facet joint changes after

chemonucleolysis-induced disc space narrowing. Spine (Phila Pa

1976. 1986;11:944-950.

34. Parker SL, Adogwa O, Paul AR, et al. Utility of minimum clinically

important difference in assessing pain, disability, and health state after

transforaminal lumbar interbody fusion for degenerative lumbar spon-

dylolisthesis. J Neurosurg. Spine(Phila Pa 1976). 2011;14:598-604.

35. Aldebeyan S, Aoude A, Fortin M, et al. Predictors of discharge

destination after lumbar spine fusion surgery. Spine (Phila Pa

1976). 2016;41:1535-1541.

36. Drazin D, Nuno M, Shweikeh F, et al. Outcomes and national

trends for the surgical treatment of lumbar spine trauma. Biomed

Res Int. 2016;2016:3623875.

37. Merrill RK, Kim JS, Leven DM, Kim JH, Cho SK. Beyond pelvic

incidence-lumbar lordosis mismatch: the importance of assessing

the entire spine to achieve global sagittal alignment. Global Spine

J. 2017;7:536-542.

38. Aoki Y, Nakajima A, Takahashi H, et al. Influence of pelvic

incidence-lumbar lordosis mismatch on surgical outcomes of

short-segment transforaminal lumbar interbody fusion. BMC

Musculoskelet Disord. 2015;16:213.

39. Park P, Fu KM, Eastlack RK, et al. Is achieving optimal spino-

pelvic parameters necessary to obtain substantial clinical benefit?

An analysis of patients who underwent circumferential minimally

invasive surgery or hybrid surgery with open posterior instrumen-

tation [published online February 22, 2019]. J Neurosurg Spine.

doi:10.3171/2018.11.SPINE181261

Khan et al 293



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


