
Introduction: The primary aim of this paper is to examine the rate and geographic progression of 
lumbar facet fusion in the setting of transforaminal lumbar interbody fusion (TLIF).  The secondary 
aim of this study is to assess if there is an association between clinical outcomes and facet joint fusion.
Methods: This study is a post hoc analysis of prospective clinical data and computed tomography 
(CT) scans obtained from 3 separate TLIF studies performed at a single institution. We developed a 
geographic grading system based on a scale from 0 (no bridging bone) to 9 (total obliteration of face 
joint space) to define fusion at sagittal and axial representations of the facet joint. CT scans at 1- and 
2-year follow up were then compared to examine the rate and geographic progression of fusion over 
time. Using Visual Analogue Score (VAS) and Oswestry Disability Index (ODI), the degree of associa-
tion between clinical outcomes and facet joint fusion grading score was also assessed.
Results: A single facet joint was evaluated in 39 patients for a total of 22 facet fusions at 1-year fol-
low-up and 37 facet fusions at 2-year follow-up. At 2 years, 89.74% of facet joints were considered 
definitely fused (total facet fusion score,  TFFS >4), compared with 71.43% at 1 year (p=0.045). On 
axial views, bridging was most consistent at the lateral aspect of the facet at 1-year follow up (90.91%) 
without significant progression at 2-year follow-up (p=0.06). On sagittal views, the caudal aspect 
of the facet was seen to bridge most consistently at 1-year follow up (85.71%) without significant 
progression at 2-year follow-up (p=0.22). Clinical outcomes were not associated with higher TFFS. 
Discussion: Spot-welds at the caudal and lateral aspect of the facet joint are the most reliable CT-
based indicator for facet fusions at 1-year follow-up. Bone bridging continues to progress in the 
cephalad direction, medially and centrally across the facet joints, between 1 and 2 years after the 
procedure. No association was seen between TFFS and clinical outcome.
Level of Evidence: II;  Prospective clinical study.
Keywords: Lumbar facet arthrodesis; Transforaminal lumbar interbody fusion.
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It remains unknown exactly how much

facet decortication, articular preparation, 
and graft volume is required to reliably ob-
tain facet arthrodesis in an open or mini-
mally invasive setting. With formal prepa-
ration of the articular surface and use of 
autograft to pack the joint, healing rates of 
up to 92% have been documented [1]. How-
ever, some investigators have documented  
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fusion at the facet with simple immobi-
lization and compression across the ar-
ticular surface, even in absence of de-
cortication or grafting [2,3]. 
 Traditionally, posterolateral lum-
bar fusion requires a fairly extensive dis-
section away from midline, often leading 
to detachment of multifidus origin or de-
nervation of its fibers. The amount of re-
traction needed to perform a traditional 
open lumbar instrumentation and fusion 
can also lead to significant crush injury 
to the paraspinal musculature. This has 
been linked to an increase in postoperative 
pain, an increased risk of infection, and an 
increased risk of failed back surgery syn-
drome [4,5]. For these reasons—as well 
as patient demand—less invasive surgical 
(LIS) techniques have gained popularity 
in recent years, and the overall percentage 
of cases using these techniques is expect-
ed to continue to climb [6]. Understanding 
the rate and manner of facet fusion may be 
increasingly important as LIS procedures 
gain popularity, as some LIS procedures 
may make formal facet preparation and 
grafting difficult or impossible.
 The primary aim of this study is to 
examine the rate and geographic progres-
sion of lumbar facet fusion in the setting 
of transforaminal lumbar interbody fusion 
(TLIF). The secondary aim of this study is to 
determine if there is a correlation between 
clinical outcomes and facet joint fusion.

MATERIALS & METHODS

The study is a post hoc analysis of prospec-
tive clinical data and computed tomography 
(CT) scans obtained from 3 separate TLIF 
studies performed at a single institution. 
All patients enrolled in these studies were 

pooled; no patients were excluded. In to-
tal, 39 patients, 24 (61.5%) women and 15 
(38.5%) men, with mean age of 57 years 
(standard deviation of 13.5), were enrolled 
at time of surgery. Primary diagnoses at 
time of surgery included degenerative 
spondylolisthesis, scoliosis, lumbar disc 
herniation, and lumbar stenosis. All TLIF 
procedures were carried out per standard 
protocol with an open posterolateral fu-
sion performed with interbody placement 
[7]. The entire facet was removed on the 
approach side, and the contralateral facet 
was spared and minimally debrided with 
a Leksell rongeur in the context of stan-
dard intertransverse fusion. Pedicle screw 
instrumentation was used to compress 
across the cage, unless concerns about sco-
liosis correction dictated otherwise. Fusion 
was aided by packing the disc space, inter-
body cages, and intertranverse region with 
either Healos (DePuy Spine; Raynham, MA) 
soaked in bone marrow aspirate (19 pa-
tients) or iliac crest autograft (16 patients). 
One study involving 4 patients specified 
that no posterolateral or intertransverse 
preparation or grafting be performed. In 
these patients, only the interbody space 
was packed with graft. Based on original 
study protocols, approximately half the pa-
tients had 1-year and 2-year CT scans, and 
half had only 2-year CT scans available for 
review. If a patient had multiple fusions 
(treatment on more than 1 vertebra), 1 lev-
el was randomly chosen for inclusion in our 
study while the other levels were excluded. 
This was done so the statistical analysis 
could be performed on independent data 
and without bias.
 We developed a geographic grading 
system based on a scale from 0 (no evidence 
of bridging bone) to 9 (complete obliteration 
of facet joint space), and termed the patients' 
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numerical score the total facet fusion score 
(TFFS). Using bone window with 2x mag-
nification, 6 axial slices through each facet 

joint were displayed. A sagittal cut through 
the middle of the facet joint was then refer-
enced to analyze the 6 axial cuts and select 

Figure 1. Three random axial cuts exemplifying visual geographical grading scheme. Win-
dow A represents fusion at the lateral third of the facet joint only. Window B illustrates 
fusion at the medial and lateral thirds of the facet joint. Window C illustrates fusion at the 
medial, middle, and lateral thirds of the facet joint.

  Table 1. Study Fusion Grading Criteria. 

   Interbody fusion 
     -  Grade 1: Fused with bridging bone in and around cage
     -  Grade 2A: Bridging bone around cage only
     -  Grade 2A: Bridging bone in cage only
     -  Grade 3: Lucent line present
     -  Grade 4: Pseudoarthrosis with no bridging bone

   Intertransverse process fusion 
     -  Binary grading (absent - 0; present - 1)

   Facet fusion 
     -  Binary grading (absent - 0; present - 1), where
             - Absent: <50% fusion surface area at location
             - Present: >50% fusion surface area at location
     -  Axial views (3):  Bridging bone around cage only
             - Caudal, middle, and cephalad directed cuts each graded
                at medial, middle, and lateral joint locations
     -  Sagittal views 
             - Caudal, middle, and cephalad direction of joint only
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the 3 axial cuts that best represented the 
cephalad, middle, and caudal aspects of the 
facet joint. After the 3 best axial cuts were 
chosen to grade, each was divided into thirds 
to represent the lateral 1/3, middle 1/3, and 
medial 1/3 of the facet joint at that level.  
Each area was then given a binary score of 
0 or 1. A 0 was given if less than 50% of that 
area was bridged with bone. A 1 was given 
if bridging bone covered more than 50% of 
that area. The maximum score for any giv-
en axial image was 3 (>50% bridging bone 
across lateral 1/3, middle 1/3, and medial 
1/3 of joint). The scores from the 3 axial im-
ages were added to get the patients’ TFFS. A 
TFFS of 9 would imply all three axial images 
were scored a 3. We considered a TFFS of > 4 
was definitely fused, 3 was probably fused, 
and those with score <3 were considered 
not fused. The CT scans at 1-year and 2-year 
follow up were then compared to examine 

the rate and geographic progression of fu-
sion over time. 

Statistical Analysis 

Wilcoxon-Sign-Rank test was used to test the 
differences in total scores between years. Mc-
Nemar’s test was used to test if the distribu-
tion of fused versus nonfused/partially fused 
patients was different at the first year versus 
the second year. To explore the association 
between clinical outcomes and fusion scores, 
Spearman correlation was used. Software 
used for the analysis was SAS 9.2 (SAS Institute 
Inc.; Cary, NC, USA). Graphs were created using 
R 2.3.10 (The R Foundation; Vienna, Austria).

RESULTS

Of the 39 original subjects, sufficient ver-
tebral imaging for scoring was available

Figure 2. Comparison of medial, middle, and lateral fusion scores at 1 year versus 2 years 
across three axial cuts representing the top (cephalad), middle, and bottom (caudal) parts 
of the facet joint.
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for 22 patients at 1 year and 37 patients at 
2 years. Two subjects were excluded from 
scoring and analysis because of poor image 
quality and inadequate visualization of the 
facet joint. A single facet joint was evaluat-
ed in each patient, giving a total of 22 fac-
et fusions at 1-year follow-up and 37 facet 
fusions at 2-year follow-up. First-year fol-
low-up fusion scoring occurred at multiple 
anatomic levels including L3-L4 (1), L4-L5 
(16), and L5-S1 (5). Second-year follow-up 
fusion scoring also occurred at L3-L4 (2), 
L4-L5 (27), and L5-S1 (8).

 At 2 years, 89.74% of facet joints were 
considered definitely fused TFFS>4), com-
pared with 71.43% at 1 year (p=0.04991). 
On axial CT views, the lateral aspect of the 
facet was seen to bridge most consistently 
by 1-year follow-up (90.91%) when com-
pared with the middle (68.18%) and medial 
(86.36%) aspects. No significant progres-
sion of healing (p=0.06) was seen in the lat-
eral region at the 2-year follow-up. The me-
dial and middle aspects did show significant 
progression of healing by the 2-year fol-
low-up (p=0.02 and p=0.004, respectively). 

Figure 3. Comparison of cephalad, middle, and caudal fusion scores after 1 year and 2 
years using sagittal view representations of the facet joint.

On sagittal CT reconstructions, the caudal 
aspect of the facet was seen to bridge most 
consistently at 1-year follow-up (85.71%) 
compared with the middle (33.33%) and 
cephalad (61.90%) aspects. No significant 
progression of healing (p=0.2199) was 
seen in the caudal area of the joint between 
1-year and 2-year follow-up. In comparison, 
the cephalad aspect of the facet joint showed 
significant (p=0.03103) progression of heal-

ing between 1-year and 2-year follow-up. 
The middle aspect of the facet showed the 
least amount of healing at 1 year, and there 
was no significant (p=0.1017) progression 
of healing at 2 year follow up. Clinical out-
comes (VAS for back, leg, and ODI) were not 
associated with higher TFFS. However, only 
19 patients had information on clinical out-
comes and second-year scores; thus, this re-
sult may be biased.



DISCUSSION 

Traditional posterolateral fusion relies on an 
extensive bilateral dissection from midline 
to expose the intertransverse area in order to 
place graft and attempt to achieve a stable fu-
sion. Often there is no specific preparation of 
the facet joint itself [8,9]. With the increased 
understanding of the negative consequenc-
es of a large posterolateral dissection, there 
has been a change in how some surgeons are 
attempting to achieve fusion, with less bone 
preparation and more use of expensive and 
powerful biologics such as BMP-2 [10]. This 
desire to improve or exceed open fusion 
rates with the use of biologicals is under-
standable, as there is substantial evidence 
that demonstrates the importance of obtain-
ing a stable arthrodesis in order to maintain 
good long-term clinical outcomes [8,11-13]. 
If predictions regarding the increased use of 
minimally or less invasive surgeries (MIS, 
LIS) are correct, more information is needed 
to determine whether reliable facet fusion 
can be obtained with LIS techniques in the 
absence of extensive decortication. Since the 
patients in our TLIF studies had very little 
preparation of the facet joints, they repre-
sent an interesting cohort to assess wheth-
er decortication and grafting is required 
to obtain fusion through the facet joint.
 In the late 1960s, orthopedic sur-
geons began studying why synovial joints 
would sometimes spontaneously fuse in the 
setting of external immobilization. These 
early investigations showed there are 2 
separate histologic pathways that follow sy-
novial joint immobilization, depending on 
whether the articular cartilage of the joints 
is in direct contact [2,14-16]. In absence of 
contact, an immobilized joint will first un-
dergo capsular contraction and contrac-
tion of all soft tissue supporting structures. 

The joint cavity will then fill up with fibro-fat-
ty tissue that slowly interfaces with the ad-
jacent cartilaginous surfaces. Over time, the 
fibrofatty tissue will cause erosion through 
the cartilage surface and will eventually 
connect subchondral plate to subchondral 
plate in a fibrous type of union. A separate 
histologic process occurs in the presence 
of direct contact across the synovial joint. 
Compression leads to loss of nutrition to the 
areas under contact and rapid pressure ne-
crosis of the articular cartilage.  Microcystic 
changes occur throughout the articular car-
tilage and in the subchrondral plate. These 
microcysts eventually fill with mesenchy-
mal tissue and vascular channels from the 
bone marrow. Enchondral ossification be-
gins in these areas, eventually leading to 
bridging bone across the areas of compres-
sion [2,14-16]. Enneking & Horowitz con-
firmed this process in humans with a study 
of histologic changes seen in immobilized 
human knees in 1972 [14].  Baker et al. spe-
cifically studied the histologic changes seen 
in spinal facet joints after anterior arthrod-
esis and determined that the histology seen 
was similar to the changes seen in the above 
studies, but further noted that the chang-
es seemed to start at the periphery of the 
facet joint where the articular surfaces are 
tightly opposed [2]. The results of this study 
support the above animal and clinical data 
suggesting facet joints reliably fuse in the 
absence of significant decortication when 
subject to immobilization and compres-
sion, as utilized in an open TLIF technique. 
 Our study also indicates that fusion 
starts at the periphery of the joint where 
the articular surfaces are more tightly op-
posed. Geographic grading revealed the 
most evidence of bridging bone at 1-year 
follow-up at the lateral and caudal ar-
eas: 90.91% and 85.71%, respectively. 
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Statistically significant differences between 
1-year and 2-year follow-up scores at the 
medial, middle, and cephalad aspects con-
firm the continuing progression of healing 
in these areas over time. This study sup-
ports previous studies demonstrating fu-
sion beginning at the peripheral aspect of 
the joint, most commonly at the caudal as-
pect.  Arthrodesis then proceeds in a ceph-
alad direction along the sagittal plane. In 
this model, where no formal decortication 
of the articular surface was performed, the 
central portion of the joint showed less 
bridging bone at 1 year and the rate of com-
plete fusion in the area did not increase at 
the 2-year follow-up.
 Multiple methods of achieving fac-
et joint fusion have been described in the 
literature, with fusion rates varying from 
68%-97%, and at anywhere from 6 months 
to 2 years postoperatively [1,3,17-20]. These 
studies are very diverse in their techniques, 
with varying amounts of facet joint prepara-
tion, numerous types of bone grafting, and 
differing amounts of instrumentation and 
postoperative protocols. In addition, each 
study utilized different methods to deter-
mine presence of fusion and had different 
definitions for what they considered facet 
joint fusion. One of those authors, Kim et al., 
reported on the observed facet fusion rate 
seen after a standard lumbar intertrans-
verse process fusion and noticed 68% of 
the facet joints spontaneously fused by CT 
at an average of 35 months postoperation 
[3]. Although their reported rate of fusion 
at greater than 2 years was slightly low-
er than the current study’s, their criteria 
used for confirming arthrodesis by CT was 
complete obliteration of joint space or tra-
becular bone bridging the entire facet joint 
space. Use of such strict criteria most like-
ly accounts for their lower fusion rates. Had 

we used Kim’s criteria for fusion, our rate of 
fusion would have dropped to near 50% at 
the second year postoperative CT scan.  An-
other study by Park et al. reported a 96% fu-
sion rate at the 2-year follow-up confirmed 
with CT scan [1]. That study was in contrast 
to the current study in that it extensively 
debrided the cartilaginous endplates of the 
facet joints and packed the prepared joints 
with iliac crest autograft. Park et el. also 
used a less stringent definition for fusion. 
They considered fusion to be any bridging 
cancellous bone across the facet joint on ei-
ther side of the body (right or left) [1].  By 
these criteria, we would have reported facet 
fusion in 100% of our patients in the current 
study, despite far less preparation of the fac-
ets. This study shows that in the setting of 
open TLIF surgery with compression across 
the facet joints, no formal preparation of the 
cartilaginous endplates of the facet is neces-
sary to achieve facet fusion. When this is tak-
en in the context of the previous literature, 
it is apparent that the bulk of basic science 
and clinical data suggest that rigid immobili-
zation and compression at the facet joint can 
induce fusion in the majority of cases.   
 There are limitations to the current 
study worth discussing. While our results 
may be of interest to those using less invasive 
techniques to achieve facet joint fusion, our 
study was done with open technique, and 
the results may not be transferable to all MIS 
surgery. Another limitation of the study was 
the confounding effect from 3 possible fusion 
sites (interbody, intertransverse space, and 
facet) that would make it impossible to tell 
if the clinical results obtained were from the 
facet joint fusion or one of the other fusion 
sites. This study was not designed or pow-
ered to compare the clinical results amongst 
the 3 different sites. In addition, several previ-
ous studies have found no clinical advantage
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to fusion over pseudarthrosis in short-term 
studies. Therefore, the fact that there was no 
correlation between facet joint fusion and 
clinical results was not surprising. Finally, 
this study had a small sample size, and there 
is potential for selection bias. Even though 
the study was performed on prospectively 
collected data, the well-known limitations 
common to all retrospective studies apply.  
 Facet fusion reliably occurs after 
open TLIF and does not require decorti-
cation of the articular surface or powerful 
biologics when facet joints are stabilized 
with bilateral pedicle instrumentation. Spot 
welds at the caudal and lateral aspect of the 
facet joint are the most reliable CT-based in-
dicator for facet fusions at 1-year follow-up. 
Bone bridging continues to progress in the 
cephalad direction, medially and centrally 
across the facet joints, between 1 and 2 years 
after the procedure. No correlation was 
seen between TFFS and clinical outcome.
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