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ABSTRACT
Background:  Revision spinal deformity surgery has a high rate of complications. Fixation may be challenging due to 

altered anatomy. Screws through a fusion mass are an alternative to pedicle screw fixation.
Objective:  The purpose of this retrospective study was to further elucidate the safety and efficacy of fusion mass 

screws (FMSs) in revision spinal deformity surgery.
Design:  Retrospective case series.
Methods:  Fifteen freehand FMSs were placed in 6 patients with adult spinal deformity between 2016 and 2018 

by the senior author. FMSs were combined with pedicle screws, at times at the same level. FMSs were used to save 
distal levels from fusion, assist in closing a 3-column osteotomy and provide additional fixation in cases of severe 
instability. Computed tomography (CT) was used to assess bone mineral density (BMD) and thickness of each fusion 
mass preoperatively along with accuracy of FMS placement postoperatively.

Results:  The mean BMD of the fusion mass was 397 Hounsfield units (HU; range: 156–628 HU). The mean 
AP thickness of the fusion mass was 15.5 ± 4.8 mm (range: 8.6–24.4 mm). The mean FMS length was 35.3 ± 5.5 mm 
(range: 25–40 mm). There was no evidence of FMS loosening, breakage, or pseudarthrosis at latest follow-up (mean: 
2.2 years, range: 1.4–3.1 years). No neurologic deficits were observed. 1/15 screws had a low-grade breach into the 
canal (<2 mm). No patients required revision surgery.

Conclusion:  FMSs may be used to augment fixation in revision spinal deformity cases when pedicle screw 
placement may be challenging. FMSs may also provide an additional anchor at levels with pedicular fixation.

Level of Evidence:  3.

Complications
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INTRODUCTION

Rates of revision in patients undergoing correc-
tion for adult spinal deformity have been found to 
range from 9% to 19.9%.1–3 A substantial portion of 
these cases require a revision of the old instrumen-
tation.2 Revision spinal deformity instrumentation 
in a previously fused spine often presents a number 
of challenges.4 Conventional landmarks for pedicle 
screw placement may be obscured or nonexistent, 
increasing the potential for spinal cord or nerve 
root injury.4,5 Altered tactile feedback, complex 
anatomy, and dysplastic pedicles can further con-
found this process. These patients often require sub-
stantial deformity correction, which makes stable 
points of fixation paramount.4 A study of 10,912 
patients demonstrated a statistically significant 
increase in risk of procedure-related complications, 
neurological complications, and vessel/nerve injury 

in the revision setting compared to the primary 
setting.6 A large report by the Scoliosis Research 
Society looking at 108,419 procedures found a 41% 
higher rate of a new neurological deficit in the revi-
sion setting.7

While techniques have been described to improve 
the accuracy of pedicle screw placement, pedicle 
screw misplacement has still been shown to occur 
2.0% to 18.6% of the time.5,8,9 Furthermore, some 
of those techniques rely on computer-aided navi-
gation and stereotactic image guidance, which may 
not be widely available.8,10 An additional method of 
screw fixation may have considerable utility where 
the traditional pedicle screw fixation appears chal-
lenging.

Fusion mass screws (FMSs) can provide an addi-
tional anchor for fixation in patients with a prior 
history of spinal fusion. These are screws that are 
placed coronally or obliquely across the posterior 
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bone formed as a result of a prior spinal fusion. 
These screws may provide added stability while 
reducing the risk of a neurological injury during 
revision surgery. Two cases have been previously 
described in the literature, with successful results.4 
We aim to further elucidate the use of FMSs in revi-
sion spinal deformity surgery.

METHODS

A retrospective review was conducted of 6 patients 
who underwent revision spinal deformity surgery with 
FMS placement between 2016 and 2018 (Table 1) Our 
hospital’s Institutional Review Board had approved 
this study, and a waiver of informed consent was 
granted. Pedicle screws were preferentially placed 
when their safe placement was considered possible 
based on the preoperative imaging. Bone mineral 
density (BMD) and dimensions of the posterolateral 
fusion masses at different levels were determined on 
the preoperative CT to assess the possible levels for 
FMS placement. FMS screws were placed to augment 
the fixation with or without concurrent pedicle screws 
present at the same level. The indication for a revision 
was a fusion mass fracture in 2 cases, Charcot arthrop-
athy in 1 case, distal junctional failure in 1 case, and 
iatrogenic sagittal imbalance in 2 cases. Four out of 
6 patients had a 3-column osteotomy. Patients were 
followed clinically to monitor for pain, disability, or 
neurological symptoms. Screw placement and pres-
ence of pseudarthrosis were evaluated on postopera-
tive CT scans.

FMS Technique

Standard 5.0- or 5.5-mm pedicle screws were 
placed medially across the posterolateral fusion 
mass (Figure  1). The starting points were chosen 
to line up with pedicle screws above and below 
the FMS to allow for easy connection to the rod. 
In other instances, FMSs were connected to other 
levels using an accessory rod construct. Adjacent 
pedicle screws were placed prior to the FMSs. 
FMSs were preferably inserted from the convex 
side of the curve since severe rotation of the ver-
tebrae relative to the chest wall may result in an 
unsafe trajectory from the concave side.4 Since 
fusion masses are thinnest at the level of the inter-
laminar space, FMSs were placed proximal to 
this region. Screw position was confirmed using 
orthogonal fluoroscopic views. A high-speed burr 
was used to establish a starting point at a depth 
of approximately 5 mm. A standard pedicle probe 
was then inserted and directed medially across the 
fusion mass. A flexible ball-tipped probe was used 
to assess for cortical breaches, most importantly 
of the ventral wall adjacent to the spinal canal. 
After measuring the depth and under-tapping the 
screw path, standard 5.0-mm or 5.5-mm pedicle 
screws ranging from 25 mm to 50 mm in length 
were placed within the fusion mass. Somatosen-
sory evoked potentials (SSEP) and motor-evoked 
potentials were monitored and recorded throughout 
each case. The threshold for stimulation was above 
15 milliamps for all screws.

Table 1.  Clinical data for 6 adult spinal deformity patients treated with FMS fixation during revision spine surgery.

Case
Age (y), 
Gender Diagnosis Levels Fused FMS Levels

Indication for FMS 
Placement Complications Follow-Up (y)

1 29, M Juvenile onset scoliosis, sagittal 
imbalance

T2-L4 T12, L2 Pedicular dysplasia, pedicle 
compromise from prior 
instrumentation

None 2.4

2 66, M Adult spinal deformity, 
osteomyelitis, fusion mass 
fracture at T6 and T7

T3-S1 T8, T10 Assist in closure of 3-column 
osteotomy

Pneumothorax 1.7

3 58, F Adolescent idiopathic scoliosis, 
fusion mass fracture at T11, 
sagittal imbalance

C2-pelvis T9, T10, T11 Fusion mass fracture, assist 
in closure of 3-column 
osteotomy

None 2.1

4 57, F T12 burst fracture and T12 
paraparesis, charcot 
arthropathy at L3-L4 and 
L4-L5

T9-Pelvis T12, L1 Augment fixation at prior 
corpectomy site

Anaphylaxis, FMS low-
grade breach into spinal 
canal at T12 (Figure 2)

1.4

5 57, F Adolescent idiopathic scoliosis, 
pseudarthrosis at L3-L4, distal 
junctional failure at L4-S1.

T1-Pelvis L2, L5 Augment pedicle screw 
fixation

None 2.3

6 28, F Juvenile onset scoliosis, 
neurofibromatosis-1, 
pseudarthrosis at T12-L1

T6-L4 T9, T10, T11, 
T12

Pedicular dysplasia Dural tear 3.1

Abbreviation: FMS, fusion mass screw.
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RESULTS

Fifteen freehand FMSs were placed in 6 cases of 
adult spinal deformity. In all cases, FMSs were com-
bined with pedicle screws, and 45% of the screws 
were placed concurrently with pedicle screws at the 
same level. All screws were either 5.0 or 5.5 mm 
in diameter. There were no neurophysiologic alerts 
observed during FMS placement and no neurologic 
deficits or complications postoperatively. On post-
operative CT, 1/15 screws had a low-grade breach 
into the spinal canal (Figure  2). The mean BMD 
of the fusion mass was 397.2 ± 144.4 HU (range: 
156–628 HU). The mean AP thickness of the fusion 
mass was 15.5 ± 4.8 mm (range: 8.6–24.4 mm) at the 
level of FMS placement. The mean FMS length was 

35.3 ± 5.5 mm (range: 25–40 mm) (Table 2). BMP 
was utilized in 5/6 cases. There was no evidence 
of FMS loosening, breakage, or pseudarthrosis at 
latest follow-up (mean: 2.2 years, range: 1.4–3.1 
years). The mean preoperative Oswestry Disability 
Index (ODI) was 48 (n = 4, range: 32–76). The mean 
postoperative ODI was 45 (n = 5, range: 24–63) at a 
mean follow-up of 8 months. None of the 6 patients 
required a revision surgery to date.

Case 1

A 29-year-old man with a history of juvenile onset 
scoliosis and a prior posterior spinal fusion from T2 
to L4 more than 10 years ago presented with a recur-
rent back pain and lower extremity weakness. His prior 
postoperative course was complicated by an infection, 
for which he underwent irrigation and debridement, as 
well as hardware revision 1 year following his original 
procedure. Imaging revealed a sagittal vertebral axis of 
7 cm and a 15° mismatch between pelvic incidence and 
lumbar lordosis. He was also found to have a medial 
pedicle breach at one of the levels. The patient under-
went a revision posterior spinal fusion from T2 to L4 
with a pedicle subtraction osteotomy at L1. There was 
no evidence of a recurrent infection intraoperatively. 
Two 5.5-mm right-sided FMSs measuring 40 and 35 
mm, respectively, were placed at T12 and L2 as those 
pedicles were found to be compromised by prior instru-
mentation (Figure 3). At both levels, the patient had an 
ample thickness and density of the fusion mass (Table 2, 
Figure 4). Two short rods were placed from T12 to L2, 
and 2 long rods were placed from T2 to L4. All screws 
were stimulated and found to be within normal limits. 

Figure 1.  (A) Intraoperative photograph of fusion mass screw cannulation lateral to medial immediately inferior to a chevron posterior column osteotomy using a 
Lenke probe. (B) Intraoperative photograph of polyaxial screw placement into the fusion mass.

Figure 2.  Axial computed tomography image showing low-grade breach (<2 
mm) into spinal canal of a f fusion mass screw placed at T12, Case 4.
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There were no neuromonitoring deficits noted. His sag-
ittal vertebral axis was restored to within normal limits 
and lumbar lordosis was within 10° of pelvic incidence. 
There were no breaches noted on postoperative CT. At 
2.4-year clinical follow-up, he demonstrated a resolu-
tion of preoperative symptoms with no new deficits or 
subjective complaints. The use of the FMSs below the 

3-column osteotomy has augmented the distal fixation 
and obviated the need to go distal to L4.

Case 2

A 66-year-old man with a progressive adult spinal 
deformity following multiple prior surgeries includ-
ing a prior pedicle subtraction osteotomy at L2 and a 
posterior spinal fusion from T3 to S1 4 years prior pre-
sented with a progressive back pain, difficulty walking, 
and recurrent fevers. His prior postoperative course had 
been complicated by multiple infections and symp-
tomatic hardware requiring removal from T3 to T10. 
Imaging revealed evidence of recurrent osteomyelitis 
with a fusion mass fracture at T6 to T7. He underwent 
a vertebrectomy at T6 to T7 and a fusion from T3 to 
S1 (Figure 5). Two FMSs were placed at T8 and T10 
concurrently with pedicle screws to aid with the oste-
otomy closure (Figure 6). At both levels, there was an 
ample fusion mass thickness (15.8 and 13.3 mm) to 

Table 2.  Comparison of fusion mass thickness, BMD, and screw length in 6 adult spinal deformity patients treated with FMS fixation during revision spine surgery.

Case Level
Fusion Mass 

Thickness (mm)
Fusion Mass BMD 

(HU)
Screw Length 

(mm)
Complications Related to 

FMS Placement

FMS Loosening, Breakage, or 
Pseudarthrosis at Latest Follow-

Up

1 T12 23.7 315 40 None None
1 L2 24.4 475 35 None None
2 T8 15.8 628 40 None None
2 T10 13.3 544 40 None None
3 T9 8.6 574 40 None None
3 T10 10.4 496 35 None None
3 T11 12.8 378 40 None None
4 T12 18.7 500 35 Spinal canal breach None
4 L1 19.4 378 35 None None
5 L2 11.1 455 40 None None
5 L5 13.9 372 40 None None
6  �  T9 10.7 156 30 None None
6 T10 14.3 284 30 None None
6 T11 19.6 215 25 None None
6 T12 16.5 188 25 None None
Mean ± SD _ 15.5 ± 4.8 397 ± 144 35 ± 5.5 _ _

Abbreviations: BMD, bone mineral density; CT, computed tomography; FMS, fusion mass screw; HU, Hounsfield units.
Note: There was no evidence of FMS loosening, breakage, or pseudarthrosis on CT at an mean of 2.2 years of follow-up (range: 1.4 to 3.1 years). On postoperative CT, 1 out of 
15 screws had a low-grade breach (<2 mm) into the canal (Case 4 at T12). There were otherwise no complications related to FMS placement.

Figure 3.  Fusion mass screws (arrows) assisting in osteotomy closure and 
providing an additional anchor to save a distal fusion level below a 3-column 
osteotomy.

Figure 4.  (A) Axial computed tomography (CT) image showing fusion mass 
screws (FMSs) placement at T12 through a thick fusion mass bed measuring 
21.8 mm. (B) CT image showing right-sided FMS placement with a concurrent 
pedicle screw placement at L2.
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accommodate FMSs (Table 2). Screws of 40 mm were 
used and placed inferior to the pedicle screws at each 
level. A quadruple rod construct was used for the defin-
itive fixation. All screws were stimulated and found to 
be within normal limits. There were no neuromonitor-
ing deficits noted. The procedure was complicated by a 
right-sided pneumothorax requiring a chest tube. He had 
recovered well from the operation. No new neurological 
deficits were noted. The patient did have a chronic right 
lower extremity weakness that was present for several 
years before this operation, that had persisted. There 
were no breaches noted on the postoperative CT. At 1.7-
year clinical follow-up, he had demonstrated improve-
ment in his symptoms with no new deficits.

DISCUSSION

Spinal deformity surgery has a high rate of revision. 
The most common causes for revision include implant 
failure, infection, curve progression, pseudarthrosis, 
and a junctional disease.3 Patients have been shown to 
have a higher rate of complications and reoperation after 
every subsequent surgery.3,11 Each revision represents 
an additional significant cost burden on society.12,13 
Many of these cases require a reinstrumentation with a 
subset of cases requiring corrective osteotomies.

Revision spinal fusion presents numerous challenges 
in fixation. Pedicle screws remain the gold standard 
of spinal fixation due to their biomechanical advan-
tages in load-to-failure, pullout strength, and ability to 
control all 3 columns of the spine. However, in the revi-
sion setting, the screw placement can be more difficult 
due to obscured landmarks, complex anatomy, altered 
tactile feedback, and dysplastic pedicles. Achieving the 

Figure 5.  (A-C) CT and (D) full-length standing radiograph images 
demonstrating fusion mass screw placement at T8 and T10 (arrows) distal 
to the vertebral column resection to assist in osteotomy closure. Concurrent 
pedicle screw placement is also shown at T8.

Figure 6.  (A) Axial computed tomography images of Patient 6 demonstrating pedicular dysplasia in the setting of neurofibromatosis-1 and juvenile onset scoliosis. 
(B) Fusion mass screw placed at T12. Pedicle screw placement was avoided due to dysplasia and obscured landmarks intraoperatively. The pedicles were 2.2 and 
3.9 mm in width at this level.
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necessary fixation in those cases has been correlated 
with a higher rate of neurologic and overall complica-
tions.

A mature fusion mass consists of a dense, spacious 
bone for screw fixation. The mean fusion mass thick-
ness at the instrumented levels was 15.5 mm in this 
study, with the lowest thickness of 8.6 mm. It has been 
previously been described that a minimum thickness of 
8 mm is required for fixation with a 4.5-mm screw.4 
Screws of 5.0 or 5.5 mm were utilized for all the levels 
in this study. The reliability of Hounsfield units (HU) 
in determining BMD has previously been described.14 
Measurements of 100.8 and 78.5 HU have been shown 
to correspond to osteopenia and osteoporosis respec-
tively.14 The mean BMD in our series was 397 HU, with 
the lowest BMD of the instrumented fusion mass being 
156 HU, well above the osteopenic/osteoporotic range. 
Although our series did not have any cases of a screw 
loosening or breakage, it is possible that this could be 
the case with lower bone densities. The placement of 
FMSs in the revision setting offers an increased con-
struct strength with a potentially lower risk to the neural 
elements. FMSs may be used to achieve a stable fixa-
tion in revision spinal deformity cases when pedicles 
are dysplastic or when normal anatomical landmarks 
are obscured by an extensive fusion mass (Figure 6).

Additionally, FMSs may provide an additional 
anchor at a level where pedicle screws are already 
placed to increase the strength and rigidity of the con-
struct, assist in osteotomy closure, provide an anchor 
for an additional rod and potentially shorten the con-
struct. The quadruple rod constructs were used in each 
case of a 3-column osteotomy. In addition to the fusion 
mass fixation, there are several other techniques that 
have been described to this end.

The quadrangulation method is a freehand technique 
that uses instrumentation at adjacent levels to guide the 
placement of standard pedicle screws through a fusion 
mass (Figure  7).8 This technique relies on the metic-
ulous exposure and initial screw placement at virgin 
levels, where landmarks are not obscured by the fusion 
mass. If only the fusion mass is being instrumented, 
the levels with the clearest landmarks are instrumented 
first and used as a guide for adjacent levels. The lateral 
aspect of the transverse processes can often be located 
even in the presence of most fusion masses. The fusion 
mass pedicle screw starting sites are located at the same 
distance from adjacent virgin screw holes to make a 
quadrangular shape (Figure 7). The general steps of a 
screw placement are then similar to those involving a 
freehand pedicle screw placement in the virgin spine. 

Palpation, intraoperative fluoroscopy, and stimulus-
evoked electromyography (EMG) monitoring are used 
to confirm the accurate screw placement. Using this 
technique, Kim et al reported a pedicle screw misplace-
ment rate of 1.99% on the intraoperative radiographic 
evaluation and 1.09% on the EMG evaluation.8 There 
were no screw-related neurological or vascular com-
plications. However, there were no postoperative CT 
images to evaluate for a screw misplacement. They 
did not include any documented cases of a pedicular 
dysplasia. The quadrangulation method is a technically 
challenging, but an effective method of instrumentation 
in a previously fused spine.

Stereotactic image-guided navigation may also be 
used to aid with a pedicle screw placement in a mature 
fusion mass. Using preoperative CT scans, stereotaxy 
theoretically allows for an accurate localization of a 
starting point and a screw trajectory. A case series of 
122 pedicle screws placed in a fusion mass using ste-
reotaxy showed a 4.1% rate of cortical perforation on 
the postoperative CT imaging.9 The rate of a perforation 
was higher (13%) in patients with a scoliosis. None of 
those patients had postoperative neurological deficits. A 
cadaveric study using a fused spine model demonstrated 
a 0% perforation rate using the stereotactic CT-guided 

Figure 7.  Intraoperative photograph demonstrating identification of the 
pedicle screw starting point using a quadrangulation technique as described 
by Kim et al.8
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placement and an 8.33% perforation rate using the 
fluoroscopic-assisted placement.15 The non–image-
guided group in this study had a 21.43% incidence of 
a cortical breach. Stereotactic guidance can certainly 
be helpful in the revision surgery, but the cost, added 
surgical time, and accessibility limit its widespread use. 
There is also the added downside of additional radiation 
to the patient.

Extrapedicular fixation using hooks into the fusion 
mass has also been described in the revision surgery 
setting. A case series of 8 patients undergoing a revision 
posterior spinal fusion in the setting of a spinal defor-
mity showed that hooks can aid in providing a stable 
fixation at a 30-month follow-up with a concurrent 
pedicle screw fixation.10 The authors did not observe 
any hook loosening or failure at the latest follow-up.

Extrapedicular fixation in the thoracic spine with fix-
ation of the transverse processes and vertebral bodies 
has also been described with good results.16 Intrala-
minar screw placement has also been presented as an 
alternative technique for a fixation in the setting of a 
difficult pedicle screw, in addition to a laminar hook 
placement in the revision setting.17 Translaminar screw 
placement in the thoracic spine has been described with 
good results for a short-segment fusion.18

Certain criteria must be met prior to a fusion mass 
fixation. A sufficient thickness, width, and density of 
the fusion mass is necessary for a safe FMS placement. 
A rotational deformity can further limit its placement, 
especially at the concavity of the curve.

Limitations of our study include a relatively small 
sample size and limited patient-reported outcomes. 
In addition, the FMSs used in our study were part of 
a larger construct, which included pedicle screws and 
interbody cages. It is unclear if FMS can be used in a 
standalone setting. Further studies are needed to better 
define the efficacy and safety of FMSs. Biomechani-
cal testing could better elucidate the stability of those 
screws in various planes. While our mean follow-up 
was 2.2 years, a longer follow-up is likely needed to 
assess the stability of those screws over time.

CONCLUSION

FMSs can add stability and strength to spinal con-
structs in revision spinal deformity surgery. They 
provide a reliable and safe method to augment the 
pedicle screw fixation with a simple and cost-effective 
technique. They can be used at the same levels as 
pedicle screws for an additional fixation or without 
pedicle screws where their placement is difficult/impos-
sible due to altered pedicle morphology.
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