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Risk Factors for Pseudarthrosis in Minimally-
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Study Design: Retrospective cohort study (level of evidence: 4).

Purpose: To describe the potential comorbid, operative, and radiographic risk factors for the development of clinically-relevant
pseudarthrosis following minimally-invasive transforaminal lumbar interbody fusion (MIS-TLIF).

Overview of Literature: MIS-TLIF has shown long-term clinical outcomes with decreased perioperative morbidity and earlier return
to work, similar to those of open TLIF. However, unsuccessful fusion still remains a concern. The impacts of various patient, operative,
and radiographic risk factors have not been evaluated for their potential association with pseudarthrosis related to MIS-TLIF.
Methods: Between 2012 and 2015, 204 consecutive patients underwent one or two-level MIS-TLIF at St. Joseph's University Medi-
cal Center, Paterson, NJ, USA; they had a minimum of 1 year of follow-up. The patients were divided into two cohorts: those who de-
veloped clinically-relevant pseudarthrosis and those who did not. Clinically-relevant pseudarthrosis was determined by both evidence
on computed tomography and presence of continued clinical symptoms at 1-year follow-up.

Results: Revision surgery was the only identified non-radiographic factor associated with pseudarthrosis. Disc angle had the highest
(7°=0.8), followed by anterior disc height (#°=0.79). Although posterior disc height and the ratio of anterior to posterior disc height
showed a marked relationship with the outcome, the A”-values were <0.3, thus indicating a less-strong correlation. The overall pseud-
arthrosis rate was 8%. No statistically significant differences were identified between the two cohorts with respect to mean age, sex,
medical comorbidities, smoking status, or number of levels fused.

Conclusions: Clinically-relevant pseudarthrosis is not uncommon following MIS-TLIF. In the current study, undergoing revision sur-
gery, disc angle, and anterior disc height were observed to be associated with clinically-relevant pseudarthrosis. This study demon-
strated that the patient population may benefit from an alternate approach.

Keywords: Pseudarthrosis; Minimally-invasive transforaminal lumbar interbody fusion; Radiographic findings; Disc height; Disc
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Introduction an alternative procedure to, and as a means of addressing

Transforaminal lumbar interbody fusion (TLIF) has tra-
ditionally been safe and effective for treating degenerative
lumbosacral diseases of the spine [1]. It was developed as

some of the challenges associated with, posterior lumbar
interbody fusion (PLIF), including thecal sac retraction
and narrow exposure to the interbody space. Recently,
minimally-invasive techniques have been applied to the
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traditional “open” TLIF to reduce stripping of the paraver-
tebral muscles, lessen damage to posterior elements, and
decrease postoperative pain, time to ambulation, postop-
erative narcotic use, intraoperative blood loss, and wound
drainage with the ultimate goal of achieving a shorter
hospital course and quicker return to work. However,
recent evidence suggests that minimally-invasive TLIF
(MIS-TLIF) has outcomes comparable with those of open
TLIF; thus, pseudarthrosis, or nonunion of the fusion, still
continues to be a problem [2-7].

Pseudarthrosis in spine surgery was first classified by
Heggeness and Esses [8] in 1991. Posterolateral pseud-
arthrosis of the lumbar spine results from failure of bone
fusion, is typically evident at 1 year after attempted spinal
fusion, and is classified into four types: transverse, atro-
phic, shingle, and complex [8-11]. Fusion rates are report-
edly influenced by several variables, including modifiable
patient behaviors, such as nutritional status, smoking/
nicotine intake, diabetes mellitus, rheumatoid arthritis,
non-steroidal anti-inflammatory drugs, and corticoste-
roids [12-15]. In addition, fusion success may also be
altered by several operative factors, including number of
levels fused, use of instrumentation, bone graft selection,
augmentation with biologics, surgical technique, proper
sizing, and choice of interbody cages, among others [9,12].

It remains unclear whether minimally-invasive ap-
plications in a large cohort improve the rate of clinically-
relevant pseudarthrosis (defined as confirmed pseudar-
throsis on computed tomography (CT) with persistent
symptomatology). There is also a lack of literature exam-
ining clinical and radiographic risk factors related to the
development of pseudarthrosis following MIS-TLIE Thus,
we specifically compared the following: (1) baseline pa-
tient demographics, comorbidities, and number of spinal
fusion levels; (2) preoperative radiographic findings; (3)
clinical outcomes, including the Oswestry Disability In-
dex (ODI) score, and (4) complication rates between pa-
tients undergoing MIS-TLIF with and without clinically-
relevant pseudarthrosis.

Materials and Methods

This study was exempt from Institutional Review Board
approval and informed consent was waived for this ret-
rospective chart review. A retrospective review of our
institution’s database (2012-2015) yielded 204 consecu-
tive patients who underwent one- or two-level minimally-

invasive TLIF with a bilateral screw and rod construction.
Patients with complete medical records and minimum
1-year follow-up were included. Patients were divided
into two cohorts for risk factor analysis: those who expe-
rienced pseudarthrosis and those who did not. Only those
patients having accessible preoperative X-rays were fur-
ther included for radiographic parameter analysis. Charl-
son Comorbidity Scores (with age scores included) were
calculated for each patient [16].

All surgical procedures were performed at a single in-
stitution between 2012 and 2015. Indications for surgery
included degenerative disc disease or lumbar spinal steno-
sis with spondylolisthesis (grades 1 and 2). Additionally,
patients undergoing surgery for recurrent stenosis, recur-
rent disc herniation, prior herniated disc decompression,
radiculopathy requiring complete facetectomy, and iatro-
genic instability were included. Patients with previously
performed fusion procedures at the operative level(s) were
excluded. All medical information, including history and
physical examinations, operative notes, discharge summa-
ries, follow-up office visits, and magnetic resonance imag-
ing (MRIs), was carefully reviewed.

All patients were clinically assessed at 2 weeks postop-
eratively and at 6 weeks, 3 months, 6 months, and annu-
ally thereafter. The patients were thoroughly examined
during each clinical visit; Visual Analog Scale back and leg
pain scores and ODI scores were recorded. Demographic
data, medical comorbidities, outcome scores, and imag-
ing data were quantified. Pseudarthrosis was diagnosed if
both clinical symptoms, such as recurrent radiculopathy
or axial back pain, persisted and if radiographic evidence
revealed by CT (Fig. 1) demonstrated unsuccessful fusion
at 1-year follow-up [17]. CTs were ordered for patients
who displayed the aforementioned clinical symptoms
and demonstrated radiographic indications suspicious
of pseudarthrosis, including increased motion across the
segment, radiolucency of instrumentation, interbody cage
settling, or lack of sentinel signs on lateral radiograph
[18]. CT images were read by both a neuroradiologist and
the attending spine surgeon, and only those patients who
displayed evidence of nonunion by both physicians were
included in the pseudarthrosis cohort.

1. Operative procedure

Each patient underwent surgery by the same technique.
The side for performing surgery was determined accord-
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ing to the patient’s symptoms. All MIS-TLIF procedures
were performed by first using fluoroscopy to visualize
and identify the correct levels. Care was taken to initiate a
starting point to the pedicle, lateral to the facet joint at the
most proximal level. Stab incisions were connected crani-
al-to-caudal in a paramedian or Wiltse fashion. A 24-mm
docking port (Spotlight Access Port; Depuy, Raynham,
MA, USA) was then inserted and docked over the facet
joint after tubular retractors were used and sequential di-
lation of the paraspinous soft tissue was performed. Tro-
cars were bilaterally introduced over the pedicles at the
surgical levels via stab incisions. Guide wires were then
bilaterally placed into the pedicles; appropriate placement
was confirmed using fluoroscopy, and wires were taped to
the patient. Next, a high speed burr was used to remove
the inferior articular facet of the level above and the su-
perior articular facet of the level below the site of decom-
pression. The traversing nerve root was then identified
and retracted. Annulotomy was performed after the disc
space was identified.

Discectomy was performed using a series of shavers and
curettes, and trial cages were then used to determine the
correct size. After the disc space was filled with local bone
graft (from facet/lamina) and allograft, a polyether ether
ketone cage (Concorde Bullet, 7-13 mm and parallel to
9° lordosis; Depuy) was placed. The cage size was deter-
mined on a patient-specific basis with best intraoperative

Fig. 1. (A—C) Sagittal and coronal computed tomography demonstrating pseudarthrosis at L4—5/L5-S1.

tit affected by preoperative disc height. An extra-small
sponge (1.4 mL) of ultra-low dose (2 mg) recombinant
human bone morphogenic protein-2 (rhBMP-2; Infuse,
Medtronic, Minneapolis, MN, USA) was cut into several
pieces and placed anterior to the cage in patients, includ-
ing smokers and/or diabetics, deemed high risk for pseud-
arthrosis. Next, a pedicle tap was used to obtain correct
screw trajectory. Pedicle screws (Viper, Depuy) were then
placed, and correct positioning was confirmed via fluo-
roscopy. Electromyographic potential was tested across
both the pedicle tap and screw with an acceptable thresh-
old of 10 mA. Finally, rods were placed, and the caps were
applied. Pseudarthrosis was intraoperatively confirmed at
the time of revision by anterior lumbar interbody fusion
(ALIF).

2. Radiographic measurement

Radiographic measurements were performed using a
standing lateral X-ray. Anterior disc height, posterior
disc height, and disc angulation measurements were all
performed at the surgical level. Anterior disc height was
measured as the vertical distance between the anterior-
most extent of both endplates surrounding the surgical
level (Figs. 2, 3). Posterior disc height was measured in the
same manner, but at the posterior-most extent of the surgi-
cal level. The ratio between the anterior and posterior disc
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heights was then recorded. Disc angle was measured as the
angle formed between the inferior endplate above and the
superior endplate below the surgical level (Figs. 4, 5).

3. Statistical analysis

GraphPad (2015 version; GraphPad Software Inc., San
Diego, CA, USA) and R statistics (https://www.r-project.
org/) was used to perform all statistical analyses. Student

Fig. 2. Preoperative X-ray measurement of L4—L5 anterior and pos-
terior disc heights in a patient who did not develop pseudarthrosis.
Anterior=4.4 mm; posterior=2.9 mm; and anterior/posterior=1.5.

Fig. 3. Preoperative and postoperative X-ray measurements of anterior and posterior disc heights in a patient who developed
pseudarthrosis. L4-5 (anterior 1=15.2 mm and posterior 1=6.5 mm), L5-S1 (anterior 2=18 mm and posterior 2=6 mm). Anterior 1/
posterior 1=2.3 and anterior 2/posterior 2=3. (A) Preoperative; (B) 6 mo postoperative; (C) 12 mo postoperative; and (D) 18 mo
postoperative.

t-test was used to compare patient demographics and
operative factors. The original radiographic parameter
analysis plan was to perform multivariate logistic regres-
sion analysis with all the significant factors in the model
to determine the individual contribution of each of the
four factors while also adjusting for the others. However,
anterior disc height, posterior disc height, their ratio, and
disc angle were highly correlated with each other. There-
fore, we did not perform multivariate logistic regression
analysis owing to the possible violation of the co-linearity
assumption. Instead, we conducted several univariate
logistic regression analyses and compared the model fit
using the coefficient of determination (R?). The variable
providing the largest R’ was considered the most relevant
factor related to a particular outcome (in this case, pseud-
arthrosis). All p<0.05 was considered statistically signifi-
cant.

Results

Totally, 204 consecutive patients underwent MIS-TLIF
at our institution and had complete medical records and
at least 1 year of follow-up. CT and preoperative radio-
graphs were available for 168 of the initial 204 patients.
Table 1 presents the demographic characteristics of the
study cohort. Totally, 16 patients were diagnosed with
clinically-relevant pseudarthrosis. The pseudarthrosis
cohort comprised 10 males and six females, whereas the

p= ;. ’ nﬂ':l’
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Fig. 4. Preoperative X-ray measurement of L4-L5 disc angle (a=4.7°)
in a patient who did not develop pseudarthrosis.

Fig. 5. Preoperative and postoperative X-ray measurements of disc angle in the same patient who developed pseudarthrosis. L4-5
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non-pseudarthrosis cohort comprised 115 males and 73
females (Table 1). No patient or demographic factors indi-
cated an association with the pseudarthrosis cohort. De-
mographic data is presented in Table 1. Sex, mean age at
surgery, and mean follow-up time did not differ between
the cohorts. Additionally, the mean Charlson Comorbid-
ity Index value exhibited no between-group difference
(p=0.36). Smoking prevalence was 6% in the pseudar-
throsis cohort and 13% in the non-pseudarthrosis cohort;
however, this difference was not statistically significant
(p=0.45).

The only non-radiographic factor that was statistically
significantly associated with revision, secondary to pseud-
arthrosis, was undergoing a revision procedure rather
than a primary procedure (p=0.0001). Patients who had
a revision included those with recurrent herniation or
stenosis who underwent previous surgical decompression

|

(a=14°), L5-S1 (B=20°). (A) Preoperative; (B) 6 mo postoperative; (C) 12 mo postoperative; and (D) 18 mo postoperative.

Table 1. Demographics of patients undergoing MIS-TLIF at our institution during 2012—2015

Demographic factor

No pseudarthrosis (n=188)

Pseudarthrosis (n=16)

Male 115(61)
Female 73 (39)
Age (yr) 51(21-81)
Follow-up (mo) 37 (32-43)
Smoker 24.(13)
Diabetic 15(8)

CCl (yr)a) 1.24 (0-5)

10(63) 0.92
6(37) 0.92
47 (31-58) 0.311
37 (32-42) 1
1(6) 0.45
2(13) 0.53
0.82(0-1) 0.361

Values are presented as number (%) or mean (range).
“ICharlson Comorbidity Index (with age score included).
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Table 2. Operative factors of patients who did not develop pseudarthrosis versus patients who did

Operative factor No pseudarthrosis (n=188)
Revision 9(5)
Bone morphogenic protein 49 (26)
No. of levels fused 1.12
Level(s)
L3-L4 5(2)
L4-15 76 (41)
L5-31 67 (36)
L4-81 40 (21)

Pseudarthrosis (n=16)

5(31) 0.0001
4(25) 0.93
1.21 0.562
0 0.51
5(31) 0.47
8(50) 0.25
3(19) 0.81

Values are presented as number (%).

Table 3. Radiographic parameters of patients with pseudarthrosis versus patients without pseudarthrosis

Pseudarthrosis (n=16)

X-ray parameter

Anterior disc height (mm) 6 (3-15)
Posterior disc height (mm) 4(1-8)
Anterior/posterior disc height ratio 1.7 (0.5-3.6)
Disc angle (°) 4° (-8°-11°)

No pseudarthrosis (n=152)

17 (15-19) 0.79

6(3-12) <0.3
3.6(1.4-5.9) <0.3
16° (14°-18°) 0.8

Values are presented as mean (range).

at that level. Operative factor data is presented in Table
2. The mean number of levels fused was similar between
both groups, with 1.12 levels in the pseudarthrosis cohort
and 1.21 levels in the non-pseudarthrosis cohort. Strati-
fication by surgical level did not alter this result. Use of
rhBMP-2 also did not affect the rate of revision owing to
pseudarthrosis (p=0.93).

Disc angle had the highest R” (0.8), followed by anterior
disc height (R*=0.79). Although posterior disc height
and the ratio of anterior to posterior disc height showed
a significant relationship with the outcome, the R*-values
were <0.3, thus indicating a less-strong correlation (Table
3). Our overall revision owing to pseudarthrosis rate
was 8%. The pseudarthrosis cohort had higher final ODI
scores; however, the differences were not statistically
significant. In the pseudarthrosis group, the mean ODI
scores improved from a mean of 47% (range, 30%-65%)
to 26% (range, 10%-32%). This was similar to the non-
pseudarthrosis cohort, which improved from 45% (range,
35%-64%) to 23% (range, 8%-27%).

There were no significant differences in the compli-
cation rates between the two cohorts during the index
procedure. In the pseudarthrosis cohort, there was one
complication (6.3%): late axial low back pain with ra-

diculopathy (managed non-operatively). In the non-
pseudarthrosis cohort, the complication rate was 8% and
included 11 patients who developed radiculopathy (treated
non-operatively), one with postoperative headache caused
by incidental durotomy (resolved after 48 hours), one
whose cage backed out and who subsequently underwent
revision surgery the same day (thus not affecting study
results), and two with postoperative radiculopathy caused
by misplaced pedicle screws who were also revised and
subsequently experienced symptom resolution.

Discussion

Pseudarthrosis, or nonunion of a fusion, may occur fol-
lowing lumbar spine surgery and can result in expensive
and challenging revision surgeries. Various factors, in-
cluding modifiable patient behaviors, medication use,
and systemic diseases, reportedly influence fusion rates
[12-15]. Recently, minimally-invasive techniques have
been applied to lumbar spine surgery to improve patient
outcomes and reduce perioperative morbidity [19,20].
Some benefits of MIS-TLIF include decreased postopera-
tive pain, decreased time to ambulation, decreased post-
operative narcotic use, decreased intraoperative blood
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loss, decreased wound drainage, shorter hospital course,
and quicker return to work [2-6]. However, it is unclear
whether applying minimally-invasive techniques to TLIF
affects clinically-relevant pseudarthrosis rates.

There have been no reported preoperative radiographic
risk factors for revision secondary to treat pseudarthrosis
in patients who underwent MIS-TLIE. Sato et al. [21] also
recently described a disc height >10 mm on preoperative
X-ray and MRI as a risk factor for same segment disease
(SSD) after surgery in a study population of 163 patients
(mean age, 66 years) who underwent either decompres-
sion or decompression and fusion with PLIF. SSD was
defined as “disk herniation, recurrent stenosis, and oth-
ers” and it may predispose patients to pseudarthrosis and
necessitate re-operation owing to challenges posed by
scar tissue, poor tissue healing, insufficient bone graft,
insufficient post-operative immobilization, or instability
resulting from previous surgery and loss of disc function
at the motion segment [17]. Our findings agree with this
measurement as a possible risk factor for pseudarthrosis,
and we introduce disc angle as another (and potentially
stronger) predictor. We also noted the pseudarthrosis
cohort had significantly greater disc angles, anterior disc
heights, and, to a lesser extent, posterior disc heights and
anterior/posterior disc height ratios.

Our findings indicate that discs with more lordosis
may be at increased risk. These disc characteristics, which
were found to be significant, pose technical challenges to
the surgeon, such as incomplete voiding of the disc and
undersizing of the interbody cage leading to suboptimal
compression by the endplates. These technical difficulties
could eventually lead to pseudarthrosis and should be
considered during preoperative planning. The L5/S1 and
L4/L5 segments can be particularly prone to this scenario.
Thus, the authors have modified their approach and op-
erative technique in cases with these disc characteristics,
such as by usually using an ALIF approach for the prima-
ry fusion. In the authors’” experience, ALIF may be helpful
because cage undersizing and insufficient disc removal
are frequently encountered when using the posterior ap-
proach.

Circumferential fusion is the approach of choice for
pseudarthrosis revision [22-25]. However, given the re-
sults of this study, patients with these disc characteristics
may benefit from an anterior approach for the index
procedure. In addition to potentially allowing for better
exposure to address previously-discussed challenges of a
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tall or angled disc, an anterior approach also allows the
surgeon to take advantage of the superior vascularity and
mechanical environment present in the anterior lumbar
spine [22-25]. The clinically-relevant pseudarthrosis rate
for our MIS-TLIF study population including 204 patients
was 8%, similar to those published in lumbar spine sur-
gery [26-29].

Here, revision surgery was the only clinical risk factor
for clinically-relevant pseudarthrosis. Of the pseudarthro-
sis cohort, 31% were revision cases compared with only 6%
in the non-pseudarthrosis cohort (p=0.0001). Our study
findings corroborate with the findings of Sato et al. [21],
who reported that almost half of the total number of pa-
tients underwent a second surgery owing to SSD. Of the
163 patients, 38 underwent re-operation, and 18 of these
38 operations (47%) were due to SSD. Further, revision
surgery may be a risk factor for pseudarthrosis owing to
less autograft being available to the surgeon after removal
of facets from the previous laminectomy or discectomy.

Some surgeons choose to augment fusion constructs
with thBMP-2 to promote fusion. Singh et al. [30] report-
ed a 7% pseudarthrosis rate in 573 patients (mean age,
49 years; range, 26-82 years) treated using minimally-
invasive TLIF augmented with rhBMP-2. The patients re-
ceived either 4.2 mg or 12 mg of thBMP-2. In the current
study, the use of the extra-small rhBMP-2 kit (2 mg) did
not significantly differ between the pseudarthrosis and
non-pseudarthrosis groups (25% versus 26%, p=0.93).
This could be because ultra-low doses of rhBMP-2 were
used, or because rhBMP-2 was used on high-risk patients
(tobacco users, diabetics) only, or because patients in the
pseudarthrosis cohort had disc anatomies that posed a
challenge to successful fusion. Ultra-low dose rhBMP-2
was used to avoid complications, such as postoperative
radiculitis, heterotopic ossification in the epidural space,
and endplate osteolysis/graft subsidence, which are re-
portedly associated with rhBMP-2 use in the posterior
lumbar spine [31]. All patients in the pseudarthrosis co-
hort were revised with ALIF, and all of them experienced
symptom resolution.

Our study has several limitations. Selection or indica-
tion bias may have been introduced owing to the single-
center, retrospective nature of this study. The relatively
small sample size of the pseudarthrosis cohort may have
resulted in reduced statistical power for detecting signifi-
cant differences in certain risk factors examined. Also,
unmeasured confounding parameters may have influ-
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enced our results. Broader quality of life measures, such
as patient activity or satisfaction, were not evaluated. Nev-
ertheless, the authors believe that the observed outcomes
are clinically valuable, because this is the first study that
evaluates potential radiographic risk factors for pseudar-
throsis following MIS-TLIF procedures.

Conclusions

In summary, pseudarthrosis is not an uncommon com-
plication of lumbar spine surgery. Here, revision surgery
and certain radiographic parameters were identified as
potential risk factors for clinically-relevant pseudarthrosis
following MIS-TLIF. Additionally, the pseudarthrosis rate
reported in this study was similar to that published in pre-
vious reports. Further, it appeared unaffected by rhBMP-2
usage. Surgeons should consider potentially increased risk
for pseudarthrosis in patients having tall or considerably
lordosis discs. Further prospective studies with larger
sample sizes are warranted to determine the effects of
comorbidities, prior surgery, and preoperative disc height
and angulation on the development of clinically-relevant
pseudarthrosis in patients who undergo MIS-TLIE
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