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ABSTRACT 

Introduction: The TruFUSE® lumbar facet fusion system is a unique allograft milled bone dowel used to fuse facet 
joints. We evaluated subjects undergoing TruFUSE® fusion for stable grade I spondylolisthesis and stenosis comparing 
operative time, length of stay, blood loss and outcome to a similar literature-based cohort of patients undergoing pedicle 
screw fusion (PSF). Methods: From 2009 to 2011, 41 subjects (17 M, 24 F, aver. age 69.5 yr) underwent TruFUSE® 
facet fusion along with transverse process bone fusion and laminectomy. Length of stay, operative time, blood loss and 
outcomes were compared to eight literature-based cohort that analyzed similar parameters following pedicle screw fu- 
sion. Results: The 41 subjects’ mean operative time for laminectomy, transverse process fusion and TruFUSE® facet 
fusion was 106 min, with a mean blood loss of 145 cm3, and a mean hospital stay of 1.7 days (77% one day). A fol- 
low-up at average six months, 33 (80%) subjects reported subjective outcomes of “excellent” or “somewhat improved”, 
four (10%) “unchanged” and four (10%) “worse”. Flexion and extension radiographs showed 39 of the 41 patients 
(95%) had spinal stability at an average six months post-op and all (100%) had signs of early fusion. Discussion: 
TruFUSE® subjects had significantly (p < 0.0001) shorter surgeries (106 min compared to the literature data range of 
185 - 240 min); significantly (p < 0.0001) shorter hospitalization (1.7 days compared to 4 - 19 days range). Mean esti- 
mated blood loss (EBL) was significantly lower (p < 0.001) (145 cm3 compared to 321 cm3 and 1082 cm3 range for 
PSF). Subjective outcome and radiographic stability were comparable between groups. Conclusion: This comparison 
using the TruFUSE® lumbar facet fusion system demonstrates improvements in length of stay, surgical blood loss, and 
operative time in our selected patient population compared to several published lumbar pedicle screw fusion systems 
outcomes. There may be potential economic benefits as a result of these improvements. 
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1. Introduction 

In general, there is no consensus among spine surgeons 
as to the need for surgical fusion of the lumbar spine, of 
any type, following a laminectomy surgery for spinal 
decompression. Most surgeons, however, will agree that 
multiple laminectomy levels, the extent of facet disrup- 
tion, underlying spinal degeneration or prior discectomy, 
can increase the chances of post-operative spinal insta- 
bility in some patients. There is additional agreement that 
underlying pre-existing fixed degenerative spondylolis- 
thesis can be a risk factor for post-operative spinal insta- 
bility following lumbar laminectomy, and spinal fusion 
should be considered.  

The decision to then fuse the associated motion seg- 
ment in this subset of patients, as a means of preventing 
post-operative instability, must include the consideration 

of additional surgical risks associated with spinal fusion 
surgery compared to the benefit of preventing the possi- 
bility of future instability and its associated sequela. 
Risks associated with traditional pedicle screw fusion 
(PSF) with transverse process bone fusion continue to 
evolve. But in aged populations, especially with signifi- 
cant underlying co-morbidities, PSF can add significant 
morbidity and mortality risks [1]. 

Moller and Hedlund (2000) found that PSF increased 
surgical time and blood loss but did not improve clinical 
outcomes compared to non-instrumented fusion [2]. 
Many other studies have found significant long term 
outcome benefits following PSF but most concede place- 
ment of PSF instrumentation increases surgical time, 
blood loss, and length of hospital stay compared to 
laminectomy with or without transverse process fusion 
[3,4]. These parameters alone have been shown to add 
significant mortality and morbidity following any type of  *Corresponding author. 
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spine surgery with PSF [5,6].  
Considering these factors, the authors undertook an 

evaluation of a newly introduced allograft bone dowel 
(TruFUSE®, minSURG, Clearwater, Fl, USA) designed 
to fuse the articular surfaces of the facet joint. The pa- 
tient population evaluated included patients who had 
underlying pre-existing fixed degenerative spondylolis- 
thesis with symptomatic lumbar stenosis, who were be- 
lieved to benefit from this less invasive fusion procedure. 
In this article we will compare our results using Tru- 
FUSE® to a literature-based cohort of patients undergo- 
ing lumbar pedicle screw fusion that had collected simi- 
lar categories of data for comparison. Significant differ- 
ences in length of hospital stay, operative time, blood 
loss and, objective and subjective outcome measures 
were compared and will be discussed, along with eco- 
nomic data and a discussion of facet fusion using 
TruFUSE® technology. In addition, this article includes a 
detailed description of the insertion process used for the 
TruFUSE® implant.  

2. Methods 

From 2009 to 2011, 41 consecutive patients (17 M, 24 F, 
aver. age 69.5 yr) requiring laminectomy and fusion un- 
derwent a TruFUSE® facet fusion, performed by a single 
surgeon, along with transverse process bone fusion and 
laminectomy. Data from these patient records were col- 
lected and analyzed retrospectively. The indications for 
surgical intervention included a diagnosis of grade I de- 
generative spondylolisthesis and stenosis as determined 
radiographically, patient pain or other neurological defi- 
ciencies associated with this diagnosis, and minimal to 
no movement on flexion and extension radiographs. Pre- 
operatively, all patients were assessed for leg or back and 
pain and neurological exams were performed. All pa- 
tients had either pre-operative lumbar spine CT or MRI 
scans, along with flexion and extension spine films to 
assess spinal pathology and mobility. All patients had 
undergone routine medical evaluations and clearance 
prior to surgery.  

2.1. Device Placement  

Following the laminectomy procedure the facet joints 
were identified. By design, the TruFUSE® facet fusion 
system procedure eliminates the need to drill through the 
pedicle into the vertebral body. Instead, the facet joint is 
accessed between the superior and inferior facet articular 
surfaces at the most posterior point of the joint; first with 
guidance instrumentation (guide wire) and then a spatula, 
which is placed over the guide wire and seated between 
the facet joints (Figure 1(a)). Next, a drill guide is 
placed over the spatula into the mid-portion of the facet 
joint and two small teeth on the end of the guide engage 

the superior and inferior articular processes equally (Fig- 
ure 1(b)). The drill guide is lightly tapped to engage the 
drill guide’s teeth into the joint. Once secure, the spatula 
and guide wire are removed and a Morse taper reamer is 
used to drill to a depth of 13 mm. An inserter with the 
TruFUSE® allograft is placed into the drill guide (Fig- 
ure 1(c)) and an impactor is used to countersink the 
TruFUSE® allograft into the pre-drilled hole (Figure 
1(d)). The TruFUSE® procedure was performed bilater- 
ally. The standard transverse process fusions were done 
bilaterally with a mixture of autograft and allograft bone. 

2.2. Post-Operative Assessment 

Post-operative follow-up assessments continued in all pa- 
tients for an average of six months (<6 months n = 26, 
<12 months n = 3, >12 months n = 12). During follow-up, 
radiographic assessment with lumbar flexion and exten- 
sion, anterior-posterior, and lateral radiographs were ob- 
tained starting at three months post-op. Films were re- 
viewed for spinal stability, facet bone dowel placement, 
and evidence of both facet and transverse process fusion. 
In certain cases, MRI with and without contrast was em- 
ployed for additional visualization and assessment of 
post-operative status. Successful stability was defined as 
no movement at the affected vertebral fusion segment(s) 
during flexion and extension positions. The presence of 
early bone fusion in the transverse process area was de- 
fined as increased opacity in the area of the transverse 
process bone fusion. Additionally the facet joints at the 
level(s) of the TruFUSE® implant were evaluated for any 
evidence of migration, early fusion, or dislodgement from 
the joint space.  

Post-operative assessments included ambulation status, 
pain symptoms and neurological changes compared to 
pre-operative exams. Wound healing was also assessed 
along with any occurrence of post-operative complica- 
tions. Medical records from their latest follow-up visit 
were compared to the patients’ pre-operative examina- 
tion. The extent to which the patients’ subjective pre- 
operative complaints improved or worsened were then 
graded as excellent, somewhat improved, unchanged, 
somewhat worse or significantly worse compared to pre- 
operative statements.  

Surgical data was recorded from the patients’ records 
for length of hospital stay, operative time, and blood loss. 
These results were compared to eight studies published 
in the literature (Table 1) that analyzed pedicle screw 
fusion to the augment process fusion and laminectomy 
procedures that included results on the parameters listed 
above. 

2.3. Literature Search 

The PubMed database was searched for key terms until   
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Figure 1. After the facet joint has been properly located with the guide wire, a metal spatula is inserted into the facet joint 
(Figure 1(a), upper left); the drill guide is then inserted over the spatula (Figure 1(b), upper right); and a Morse taper reamer 
is used to drill to a depth of 13 mm within the facet joint. At that time, the TruFUSE® allograft is inserted through the drill 
guide (Figure 1(c), bottom left); and countersunk into the facet joint (Figure 1(d), bottom right). 
 
June 27, 2011 (last date searched) to find appropriate 
articles for comparison: pedicle screw fusion, lumbar 
fusion, outcome for pedicle screw fusion, blood loss 
pedicle screw fusion, length of hospital stay pedicle 
screw fusion, and operative time pedicle screw fusion. Of 
the articles found, selection criteria for comparison in- 
cluded: 1) the use of a cohort of at least 10 patients hav- 
ing received decompression and conventional instru- 
mented PSF with posterolateral lumbar fusion; 2) the use 
of local or iliac crest bone grafting techniques; 3) re- 
cording of at least one of the desired parameters for com- 
parison for the given cohort (mean operating time, mean 
length of stay, mean estimated blood loss); and 4) pub- 
lished no earlier than 2000. Studies that focused exclu- 
sively on non-instrumented fusion, alternative or mini- 
mally invasive fixation methods, anterior surgical ap- 
proaches, or non-conventional grafting techniques were 
excluded. Studies were not excluded on the basis of pa- 
tient diagnosis, demographics or length of follow-up in 
order to capture the performance of conventional instru- 
mented PSF with posterolateral instrumented fusion across 
a variety of patient populations and practice settings. Our 

search revealed eight peer-reviewed articles of which met 
these inclusion criteria and were used to make a statisti- 
cal comparison to our data collection [3,7-13].  

3. Results  

3.1. Treatment Related Parameters  

Forty-one consecutive patients received TruFUSE® im- 
plantation and follow-up treatment over a 24-month pe- 
riod (24 female and 17 male). Mean age among the sur- 
gical population was 69.5 years (52 - 84 years). Patient 
body composition varied among the population, with a 
mean height of 65.5 inches (48 - 75 inches), weight of 
173.7 lbs (120 - 250 lbs.), and an average BMI of 28.6 
(19.9 - 49.4). Each patient had a pre-op lumbar MRI and 
flexion and extension radiographs demonstrating a fixed 
grade I degenerative spondylolisthesis and spinal stenosis. 
Additional radiographic findings included disk herniation 
(12%) and degenerative scoliosis (2.4%). All individuals 
presented with initial complaints of focal lower back and 
radicular lower extremity pain. In addition to these pri- 
mary symptoms, 66% exhibited lower extremity motor  
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Table 1. Comparison of TruFUSE® procedural outcomes to eight selected published studies using pedicle screw fusion in-
strumentation. 

 
Christensen  

et al. 2002 [3] 

Fritzell  
et al. 2003 

[7] 

Inamdar 
et al. 2006 [8]

Kim et al. 
2006 [9] 

Hallet et al. 
2007 [10]

Ohtori et al. 
2011 [11]

Koshi et al. 
2011 [12] 

Ohtori et al. 
2011 [13] 

TruFUSE® 
Study 

External Data 
Categories 

N (PLF Only) 63 68 11 62 16 24 32 40 41 

Single Level 37 26 - 39 16 24 - 40 30 

Multiple Level 26 42 - 23 - - 32 - 11 

Duration of Sx 
(Month) 

24 24 - 70.8 60 36 42 51.6 43 

Diagnosis 

Degenerative  
Scoliosis         2 

Spinal Stenosis    - - 24   41 

Spondylolisthesis 
(Isthmic or  
Degenerative) 

63  11 - - 24 32 - 41 

Foraminal  
Stenosis 

    -    - 

Herniation  -       5 

Other         1 

Procedural Data 

Approach PLF PLF PLF PLF PLF PLF 
Multi-Level 

PLF 
PLF, Decomp., 

Laminect. 
PLF 

Complications 
(Intra- or Post 
Operatively) 

- 12.00% 72.70% 14.50% - 4.20% - - 7.50% 

Mean OT (Min) 212 - 240 196 - 185 - 180 106 

Mean LOS  
(Days) 

- - -  4 19 - - 1.7 

Est. Blood Loss 
(cm3) 

1639 - 500 1082 - 321 - - 145 

Graft Used 
Autologous 
Iliac Crest 

Autologous 
Iliac Crest 

Autologous 
Iliac Crest

Autologous 
Iliac Crest or 
Lamina/Spino

us Process

Autologous 
Iliac Crest

Autologous 
L4-L5 

Spinous 
Process 

Autologous 
Spinous 
Process 

Autologous 
Iliac Crest 

Spinous 
Process and 

Allograft

Post-Op  
Fusion 

79% - 100% 92% 90% 92% 87% 85% 95% 

 
deficits, 44% suffered from lower extremity reflex ab- 
normalities, and 20% presented with lower extremity 
sensory deficiencies associated with their radicular pain. 
They all subsequently underwent laminectomy, hemi- 
laminectomy and/or discectomy with transverse process 
fusion at affected levels.  

TruFUSE® facet fusion was done at either one level (n 
= 30, 73%) or two levels (n = 11, 27%) for a total of 52 

TruFUSE® implantations in 41 patients. The majority of 
implantations occurred at the level of L4-L5 (75%), with 
the L3-L4 and L5-S1 levels accounting for 21% and 
2.0% of implantations, respectively. The mean operative 
time for a laminectomy with transverse process fusion 
and TruFUSE® facet fusion was 106  23 min with a 
mean blood loss intra-operatively of 145  66.8 cm3. 
Patients were hospitalized for an average of 1.7  1.6  
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days post-operatively.  

3.2. Evaluation of Post-Op Spine Stability 

There was no evidence of facet fracture or TruFUSE® 
bone dowel dislodgement on any post-operative radio- 
graphs including flexion and extension radiographs. 
Flexion and extension radiographs showed 39 of the 41 
patients (95%) had spinal stability at an average six 
months post-op and all (100%) had signs of early fusion. 
Additionally, evidence of bone fusion along the trans- 
verse processes was noted by increased opacity and early 
ossification was found in all subjects. 

3.3. Patient Outcomes 

In 33 subjects subjective outcome was determined to be 
either excellent or somewhat improved (80%) compared 
to pre-operative statements. Of the remaining patients, 
four were unchanged (10%), and four patients were 
worse (10%) compared to pre-operative symptom com- 
ments (Table 2).  

3.4. Complications 

No surgical site infections, excessive intra-operative 
blood loss requiring transfusions, or obvious nerve root 
damage occurred during the surgical procedures. Two 
patients reported urinary incontinence following their 
operations. Both cases resolved with medication. A sin- 
gle patient developed unexplainable painful polyneuro- 
pathy in the lower extremities that was believed to be 
unrelated to the surgical intervention. The patient was 
started on gabapentin and improved. One patient had 
post-operative pulmonary emboli that required short- 
term re-hospitalization and long-term anti-coagulation. 
One additional patient lost sight in his right eye ap- 
proximately one year after his operation and was re- 
ferred for further neurosurgical care secondary to a sus- 
pected glioblastoma brain tumor, a complication unre-  

lated to surgery.  

3.5. Intra-Operative and Length of Stay  
Parameters (Table 1) 

3.5.1. Operative Time  
The mean OT for the TruFUSE® fusion surgery was 106 
± 23 min. This value was lower than all four of the re-
ported literature values and statistically significant (p < 
0.0001) for the two data sets where complete statistical 
information was available (means = 185 min, 196 min) 
[9,13]. The other two studies, used only for comparison 
without statistical confirmation, had mean OTs of 212 
min and 240 min [3,8]. 

3.5.2. Blood Loss (cm3) 
The mean estimated blood loss (EBL) for the TruFUSE® 
fusion surgery was 145.0 ± 66.9 cm3. This value was 
lower than those for the four data sets that recorded this 
information, and statistically significant (p < 0.0001) 
against the two data sets with complete information 
(means = 321 cm3, 1082 cm3) [9,13]. The other two 
studies were used only as comparison without statistical 
confirmation had EBL means of 500 cm3 and 1639 cm3 
[3,8]. 

3.5.3. Length of Stay 
The mean LOS for the TruFUSE® fusion surgery was 
1.71 ± 1.63 days. This value was lower than those for the 
two data sets that reported this information (means = 4 
days, 19 days) and statistically significant (p < 0.0001) 
[10,11]. Seventy-seven percent of the TruFUSE® pa- 
tients spent one day or fewer in the hospital following 
surgery.  

4. Discussion  

The use of pedicle screw fusion (PSF) for the lumbar 
spine continues to grow both in the number of procedures 

 
Table 2. Definitions of the rating scales used to categorize patient outcomes and result summaries. 

 Rating Definition Patients

Excellent Patient is fully recovered and has resumed all activity without restrictions 22 (54%)

Somewhat Improved Patient is mostly recovered and has resumed a majority of activities 11 (27%)

Unchanged Patient outcome is equivalent to pre-operative complaints 4 (10%)

Somewhat Worse Patient is experiencing symptoms worse than pre-operative complaints 2 (5%) 

Subjective 

Significantly Worse Paitent outcome is worse than pre-operative complaints with signifiicantly worse symptoms 2 (5%) 

Stable Post-operative flexion/extension images show no perceivable movement 39 (95%)
Radiographic 

Unstable Post-operative flexion/extension images show perceivable movement 2 (5%) 

Normal The patient displays no neurological deficitis 36 (88%)
Physical Exam 

Abnormal The patient displays neurological deficits 5 (12%)
    

Copyright © 2013 SciRes.                                                                                   SS 



J. C. MAROON  ET  AL. 171

 
and the number of spine surgeons being trained in their 
use. PSF outcome measures have certainly improved 
over the years, especially with reduced hardware failures 
and improved post-operative spinal stability when com-
pared to the previous standard of transverse process or 
lamina bone fusion without instrumentation [3,14,15]. 
Additionally, PSF has allowed for early ambulation and 
mobility that has no doubt led to fewer post-operative 
complications such as pulmonary emboli and pneumonia 
[6,16,17]. But now as the pendulum has swung almost 
completely to the universal use of pedicle screw instru- 
mentation as the preferred choice for the lumbar spine 
fusion, potentially less traumatic lumbar fusion systems 
are now being employed which can be viable alternatives 
in certain patient populations. 

As the surgical patient continues to be older with an 
increasing number of co-morbidities, the potential for 
surgical complications continues to grow. Alternative, 
less invasive fusion procedures, such as facet fusion, may 
help to reduce complications associated with potentially 
more invasive, traumatic and time-consuming PSF pro- 
cedures.  

The concept of fusing facet joints with bone packed in 
and around facet joints for lumbar spondylolisthesis as 
part of a non-instrumented lateral mass bone fusion has 
been described for decades [18]. Historically this was 
done with either allograft or autograft bone chips, and 
generally included bone placement both in and around 
the lamina and transverse processes. With the introduce- 
tion of spinal instrumentation and eventually PSF, the 
motion segments are now instrumented with interlocking 
screws and rods to maintain stability. Eventually bone 
fusion occurs within the now static facet joint as over 
time bridging osteophytes, along with added layered 
bone chips and other allograft materials surround and 
fuse the joints and motion segment.  

In 2010, Pateder D.B., and Benzel E., published their 
retrospective series of 62 elderly subjects for which they 
preformed lumbar laminectomy and facet bone fusion for 
both stable (n = 39) and unstable spondylolisthesis (n = 
23). Their results showed that 64% of those patients in 
the stable pre-operative group maintained post-operative 
stability on flexion and extension films. Of this group, 
96% reported “much improved” post-operative outcomes. 
Conversely, of the 36% that were unstable post-opera- 
tively, only 50% reported clinical improvement [19]. 

This study demonstrates that pre-operative spinal sta- 
bility is a significant advantage for a successful outcome 
when considering facet fusion alone. Furthermore, it 
highlights that traditional facet fusion techniques using 
bone chips, following laminectomy, may not result in 
successful stabilization in some patients.  

Recent facet fusion advances in allograft bone milling, 
like that employed by the TruFUSE® bone dowel, are 

able to produce uniformed implants in various shapes 
and sizes which biomechanically have been shown to 
resist motion within the facet joint following implanta- 
tion [20,21]. Biomechanical in vitro studies on cadaveric 
specimens conducted by Johnson found a 14% increase 
in spinal range of motion (ROM) and 18% decrease in 
stiffness following laminectomy without fusion. When 
augmented with the TruFUSE® facet fusion device, 18% 
spinal stiffness was returned (3% above baseline) with an 
18% decrease in range of motion (4% below baseline) 
[20]. The TruFUSE® milled dowel is designed to lock the 
facet joints in place after insertion. By preserving most of 
the facet joint capsule during surgical dissection, a liga-
ment and joint capsule tension band is preserved around 
the joint that, with the dowel in place, can the lock the 
joint and stop motion segment movement.  

TruFUSE® facet fusion allograft implant (minSURG, 
Clearwater, Fl, USA) was used, along with transverse 
process fusion, in this group of patients following lumbar 
laminectomy or hemi-laminectomy with discectomy, to 
preserve spinal stability in a population known to be at 
increased risk for post-operative instability. In this group 
of subjects, TruFUSE® facet fusion, with transverse 
process fusion, provided a less tissue traumatic and time- 
consuming fusion alternative to traditional PSF. For most 
cases in this series, placement of bilateral bone dowels 
was completed in 10 - 15 minutes and without the need 
for additional radiograph or neuro-monitoring. Ad- di-
tionally, blood loss was generally less than 200 cm3. 

4.1. Fusion Stability 

Assessing bone fusion solidity by any radiographic 
method is difficult, but the stabilizing effects of fusion 
can be demonstrated with sufficient accuracy by meas- 
uring radiographic flexion and extension intervertebral 
movements [22]. Post-operative flexion and extension 
radiographs using TruFUSE® facet fusion with trans- 
verse process bone fusion, demonstrated spinal stability 
in all but two patients. Additionally, no additional sur- 
gery has been required and these patients remain symp- 
tom free at their last assessment.  

Studies evaluating patients undergoing lumbar lami- 
nectomies have shown that up to 30% will experience 
post-operative instability at the surgical site, while 5% of 
patients undergoing laminectomies with pedicle screw 
instrumented posterolateral fusion require follow-up sur- 
gery due to progressive spondylolisthesis at the same 
level [23,24]. Additionally, Pateder D.B., and Benzel E., 
found that 36% of their patients were unstable following 
laminectomy with facet bone chip fusion [19]. Our lim- 
ited follow-up study suggests that TruFUSE® facet fusion 
and transverse process fusion following lumbar laminec- 
tomy can be a viable alternative method for spinal fusion 
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in select groups of patients with stable grade I spondylo-
listhesis.  

As noted, post-operative flexion and extension radio- 
graphs showed that 39 of the 41 patients (95%) had spine 
stability at an average six months post-op and all (100%) 
had early signs of fusion. The two patients who had 
post-operative movement at the level fused were assessed 
at 12.9 and 13.3 months post-op and both were asymp- 
tomatic. Future long-term, prospective, randomized stud- 
ies with direct patient outcome measures will be needed 
in order to confirm these early fusion results.  

Subjective post-operative improvements reveal a ma- 
jority of subjects (80%) improved (Table 2). This result 
was similar to the results reported by Pateder DB and 
Benzel E. (2010), who observed improvements in their 
pre-operative group that did not show pre- or post-op- 
erative instability following facet fusion with transverse 
process fusion [19].  

4.2. Operative Time (OT), Blood Loss (BL) and 
Length of Stay (LOS) 

Using the TruFUSE® facet fusion with transverseprocess 
bone fusion, our limited evaluation demonstrated a clear 
advantage in surgical time, length of stay, and intra-op- 
erative blood loss compared with literature results of 
similar patients using pedicle screw instrumented fusion 
with transverse process bone fusion. Our patients had 
significantly shorter surgical times compared with PSF 
by an average of 85 minutes, a 45% reduction in operat-
ing time. This dramatic time difference between the 
TruFUSE® procedure and standard PSF studies ob- 
tained for this comparison is likely due to the greater 
technical requirements and increased tissue dissection 
needed to place the screw and rod instrumentation that 
accompany the latter [7]. The need for additional time for 
radiographic or fluoroscopic guidance for screw place- 
ment and not for TruFUSE® dowels may also play a role 
[25,26].  

Additional operative time was saved by utilizing mor- 
selized bone from the spinous processes and lamina, 
along with allograft bone, at affected levels to achieve 
transverse process fusion. In contrast, three of the four 
published data sets for which operating time was re- 
corded used iliac crest to achieve transverse process fu- 
sion [3,8,9]. Adjusting the TruFUSE® OTs for the time 
that would have been required to harvest donor bone, 
TruFUSE® implantation operations remained 42% shor- 
ter on average, or about 77 mins (p < 0.0001) by com- 
parison.  

Differences in surgical technique may have also ac- 
counted for the 655.5 cm3 average reduction of blood 
loss in the TruFUSE® population relative to those re- 
ceiving conventional PSF fixation. The TruFUSE® ap- 

proach, which required 13 mm of drilling into the articu- 
lar surfaces of the facet joint, spares the removal of a 
significant amount of highly vascularized trabecular bone 
volume from the pedicle and vertebral body. Addition- 
ally, because of the dorsal placement of TruFUSE® facet 
fusion system, there is less potential for major vascular 
or nerve root injury.  

Differences in pre-operative diagnoses and extent of 
spinal decompression between our TruFUSE® surgical 
population and those included in the published data will 
certainly contribute to some of the differences in blood 
loss and operative time between the two groups. Of the 
41 patients receiving the TruFUSE® facet fusion, 11 
(27%) required fusion at two levels. Among the five data 
sets that included blood loss information for pedicle 
screw fixation, the two studies reporting the largest blood 
loss among surgical patients examined populations in 
which 41% and 37% of surgical candidates required fu- 
sion at multiple levels [3,9]. All other studies included a 
proportion of patients receiving fixation at multiple lev- 
els that was higher than that of the TruFUSE® popula- 
tion with the exception of that conducted by Ohtori et al. 
(2011), which excluded patients requiring fixation at 
multiple levels. Even compared to this study, the Tru- 
FUSE® population exhibited a 63.6% reduction in blood 
loss relative to those receiving pedicle screw fixation (p 
< 0.0001) [11].  

In addition to observing shorter operative times with 
reduced blood loss compared to pedicle screw fixation, 
the TruFUSE® procedure also exhibited significantly 
shorter hospital stays in the studied population compared 
to two studies of pedicle screw fixation in which com- 
plete data was available (p < 0.0001) [10,11]. In this 
study, 77% of patients receiving TruFUSE® implanta- 
tion spent one day or less in the hospital.  

4.3. Economic Consideration 

The economic implications associated with using the 
TruFUSE® facet fusion system demonstrates potentially 
significant savings compared to PSF. Candrilli (2006), 
estimated the average cost of a hospital stay across all 
conditions to be $1237/day [27]. Using this conservative 
figure, it can be suggested that the TruFUSE® procedure 
could result in hospital admission savings of $2800 - 
$21,000 when considering decreased LOS alone (Tru- 
FUSE® LOS cost = $2115 compared with $4948, LOS = 
4 days and $23,503, LOS = 19 days). It should be noted 
that a LOS of 19 days is unnaturally high for this or 
similar procedures, and any cost reduction due to the 
use of the TruFUSE® system is only an estimation (Ta- 
ble 3). 

Reduction in blood loss and OT found with TruFUSE® 
procedures would also reduce the overall hospital cost of    
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Table 3. Review of savings based upon length of stay (LOS) and operating time (OT). 

Study LOS (days) LOS Cost ($) OT (min) OT Cost ($) Total Cost ($) 

TruFuse® 1.71 3078.00 106 9846.84 12924.84 

      

Hallet et al. 2007 [10] 4 7200.00    

Ohtori et al. 2011 [11] 19 34200.00 185 17205.00  

Inamdar et al. 2006 [8]   240 22320.00  

Kim et al. 2006 [9]   196 18228.00  

Christensen et al. [3]   212 19716.00  

  Total costs for shortest LOS and shortest OT 24405.00 

  Difference between this low estimate and TruFuse® 11480.16 

  Total estimated savings using TruFuse® ~47% savings 

Note: Calculated savings do not include savings due to cost of implant, additional equipment, or neuromonitoring. 
 
lumbar fixation by reducing the likelihood of a transfu- 
sion and reducing the time requirements for operative 
instruments and personnel. Cost benefits associated with 
TruFUSE® implantation will certainly vary with the ge- 
ography, payer mix, patient population and extent of sur- 
gical decompression. 

4.4. Limitations of Study 

This retrospective evaluation has inherent flaws that must 
be considered. No standardized tool was used to assess 
pre- and post-operative subjective improvements and the 
literature-based cohort of studies used for comparison 
may not actually represent the outcomes for all PSF sur- 
geries and therefore could lead to inflated comparisons. 
The severity of pre-operative diagnosis and extent of 
fusion surgeries used to compare the TruFUSE® results 
to PSF may be significantly different and again lead to 
errors in comparison. The limited follow-up radiographic 
and subjective outcomes on average of six months may 
be too early to predict overall success. And finally, the 
results presented here by one surgeon with a relatively 
small population will need to be confirmed in larger 
numbers with multiple surgeons and for a longer period 
of follow-up to confirm the extremely positive results 
reported here.  

5. Conclusions 

This retrospective analysis demonstrates the successful 
implementation of the TruFUSE® facet fusion system to 
augment laminectomy and transverse process fusion 
procedures for the treatment of stable grade I degenera- 
tive spondylolisthesis in a cohort of 41 patients. Flexion 
and extension radiographs showed 39 of the 41 patients 
(95%) had spinal stability at an average six months 

post-op and all (100%) had signs of early fusion. 88% of 
patients presenting no neurological deficits on post-op- 
erative physical examination and 80% reporting per- 
ceived improvement or relief of pre-operative symp- 
toms.  

Additionally, patients receiving TruFUSE® facet fu- 
sion had a significant reduction in operative time of 85 
minutes (45% reduction, p < 0.0001) on average when 
compared to a literature-based group of similar subjects 
receiving pedicle screw fixation. TruFUSE® fusion pa- 
tients also benefited from significantly (p < 0.0001) 
shorter hospital stays (1.7 days compared to 4 - 19 days 
in literature), and reduced mean estimated intra-operative 
blood loss (145 cm3 compared to 321 - 1082 cm3 in lit- 
erature). 

These initial findings suggest that one or two level 
TruFUSE® facet fusion maybe a viable alternative to 
pedicle screw fixation for spinal stabilization following 
lumbar laminectomy and transverse process fusion for 
stable grade I degenerative spondylolisthesis with symp- 
tomatic lumbar stenosis. Furthermore, observed reduc- 
tions in operative time, blood loss and length of stay may 
provide reduced operative complications and economic 
advantages to patients and physicians over traditional 
fusion methods. Additional long-term, prospective stud- 
ies are needed to confirm these results. 
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Abbreviations 

PSF: pedicle screw fusion;  
EBL: estimated blood loss; 

OT: operation time; 
LOS: length of stay; 
ROM: range of motion. 
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