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Abstract – Background: Painful vertebral compression fractures (VCFs) in myeloma patients severely reduce quality
of life. Currently, the International Myeloma Working Group (IMWG) and National Institute of Clinical Excellence
NICE advocate the use of either balloon kyphoplasty or vertebroplasty in the management of these fractures. Methods:
All patients with VCFs and myeloma who adhered to the IMWG indications for vertebral augmentation were treated
with the Osseofix� implant. Visual analogue scores (VAS) and Oswestry disability index (ODI) were taken preoper-
atively and at least one year following surgery. Cobb angle and implant migration were measured on lateral standing
radiographs. Results: Sixteen patients (average age 62, SD = 11.6) consisting of 82 levels (range 3–8) were stabilised
with no perioperative complications or revisions at one year. There was an improvement in patient-reported outcomes
with the median preoperative VAS of 8.6 (IQR 7.3–10.0) reducing to 3 (IQR 1.0–4.0) after one year (P < 0.001) whilst
an average improvement of 31.4 (SD = 19.6) points in the ODI scores was reported (P < 0.001). There was no
significant collapse or implant failure at one year with a greater improvement in the VAS/ODI score, when more
implants were used (P = 0.049 and 0.008, respectively). The average length of stay was 2.2 days (SD = 1.7).
Conclusion: The use of the Osseofix� implant in VCFs caused by multiple myeloma has shown a statistically
significant improvement in both pain and outcome scores. There were no complications or significant radiological
deterioration of spinal alignment over the course of a year.
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Background

Multiple myeloma (MM) is a clonal B-cell disorder charac-
terised by proliferation and accumulation of B-lymphocytes and
plasma cells in the bone marrow and has an incidence of 6/
100,000 in western populations [1]. MM has a predilection
for the spine due to the high hematopoietic marrow content
of the vertebrae and offers an ideal site for local infiltration
and growth of neoplastic plasma cells [2]. Through various
signalling pathways, osteoclasts are preferentially activated
and the homeostatic balance of bone remodelling shifts towards
resorption [3]. This leads to localised osteoporosis and may lead
to vertebral compression fractures (VCFs). VCFs are also
compounded by the use of high-dose steroids in the treatment
of MM [4].

Multiple VCFs not only cause pain for the patient but can
result in sagittal and coronal plane deformities which can
adversely affect functional status, lung function and increase
pulmonary complications [5]. If non operative management

fails, there are various vertebral augmentation techniques that
can be used [6]. First-generation vertebral augmentation con-
sists of injecting low-viscosity polymethyl methacrylate
(PMMA) bone cement at high pressure directly into the
collapsed vertebral body and has shown to restore its strength
and prevent further kyphosis [7]. The most common complica-
tions associated with this technique are PMMA leakage into
surrounding tissues – 20%; paravertebral vein embolism –

13%; intradiscal leakage – 8% and PMMA leakage into the
spinal canal – 0.8% [8].

These complications prompted the creation of second-
generation echniques such as balloon kyphoplasty. This proce-
dure involves the inflation of a balloon catheter inside the
collapsed vertebral body which restores its height before the
fracture is stabilised with bone cement. The balloon creates a
cavity inside the vertebral body into which a more viscous
cement can be injected at lower pressure, thus considerably
reducing the risk of leakage [9]. Despite improving cement leak-
age, both treatment strategies allow incomplete fracture reduc-
tion or loss of the restored height in the time frame between
reduction with balloon deflation and cement application [10].*Corresponding author: surya.gandham@nhs.net
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In order to address those specific shortcomings, third-
generation devices consisted of intracorporeal expandable
titanium mesh implants for fracture reduction and maintenance
of reduction. The titanium cage achieves reduction through a
mechanical working system with the titanium mesh expanding
into the vertebral body causing compaction of the trabecular
bone. This restores vertebral body height which in turn reduces
kyphotic deformity. PMMA cement is used to fill the device.
Studies suggest interdigitation of the PMMA cement may be
important to bone healing and structural integrity [11].

Currently, the International Myeloma Working Group
(IMWG) and National Institute of Clinical Excellence (NICE)
advocate the use of either balloon kyphoplasty or vertebroplasty
in the management of VCFs in myeloma [12]. The majority of
research involves investigating the use of expandable titanium
mesh implants in single-level VCFs. We planned to review
the outcome of expandable titanium mesh implants for the
treatment of multi-level VCFs caused by MM. This study
aimed to ascertain whether this third-generation implant is a
viable alternative to older vertebral augmentation techniques
and devices.

Our primary objectives were to review the complication and
safety profile of the Osseofix implant and to ascertain whether
this implant improves patient-reported outcomes. Secondary
objectives involved investigating vertebral height restoration
and deformity correction or progression following surgery.

Methods and materials

Patients who were diagnosed with MM and VCF between
2016 and 2018 were initially included in our data collection.
The IMWG and NICE indications for vertebral augmentation
were applied and patients who fitted the “absolute indication”
criteria for cement augmentation were treated with the
Osseofix� implant (Table 1) [13].

Sixteen patients were included, 12 (75%) males and 4
females. Mean age at surgery was 62.4 years (SD = 11.6) with
a median of 64 days (IQR 39–99) between imaging and oper-
ation. The median preoperative American Society of Anaesthe-
siologists (ASA) class was three (IQR 2–3). Twelve of our
patients were diagnosed with IgG kappa myeloma, two were
diagnosed with IgA lambda and two were diagnosed with
IgA lambda myeloma. None of our patients received radiother-
apy as there was no acute cord compression. Chemotherapy
treatment consisted of Velcade, cyclophosphamide and
dexamethasone (VCD) in nine patients as a single therapy, in
combination with cyclophosphamide, thalidomide and dexam-
ethasone (CTD & VCD) in five patients, melphalan in one
patient and melphalan and VCD in one patient. Bracing was
employed in the “conservative phase” of treatment only with
no post-operative immobilisation.

Patients were then followed up for one year after their
operation. Radiological follow-up included measurement of
the pre- and post-operative sagittal alignment and vertebral
height. The thoracic Cobb angle (angle intersected between
the T4 and T12) was used as a more reliable method of assess-
ing deformity correction instead of segmental Cobb angle due
to the multi-level involvement.

In addition to these measurements, the vertebral compres-
sion ratio (VCR) was calculated. The percentage of the lowest
height at the fractured vertebrae body using the mean upper and
lower vertebral body’s lowest height of the lesion was used for
the compression ratio calculation (Figure 1). As all our patients
belonged to more than one level, an average VCR was taken to
estimate the global correction.

Clinical follow-up consisted of pain assessment using the
visual analogue scale (VAS) preoperatively and 12 months
following the operation. The Oswestry disability index (ODI)
is a validated questionnaire used to quantify disability for low
back pain. Patients completed this questionnaire preoperatively
and at the one-year outpatient follow-up.

Clinical and operative notes were reviewed for intra and
post-operative complications such as cement leak, implant
failure and venous thromboembolism.

Surgical technique and details

The Osseofix� Spinal Fracture Reduction system (Alphatec
Spine Inc., Carlsbad, CA, USA) was used in all cases.
Operative levels were marked using a single “C” arm and

Table 1. Indications for surgical augmentation based on the IMWG Consensus Statement.

Primary: severe pain present (pain > 7/10 on VAS) Secondary: severe pain absent (pain � 7/10 on VAS)
� Collapse of one or more vertebra (VCF) � Significant loss of height and/or structural integrity or stability
� Bone destruction (osteolytic/osteopenic) with high risk
of collapse of one or more vertebra

Figure 1. Plain radiographs were obtained before and after the surgery.
We used the vertebral body compression ratio (“VBCR”), i.e. the ratio
of anterior vertebral height (AVH) to posterior vertebral height (PVH)
with the formula VBCR = AVH/PVH. This resulted in a percentage
which was used as a parameter for vertebral body height loss.
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transverse stab incisions were made lateral to the pedicle.
A Jamshedi needle was inserted under X-ray guidance in the
AP and lateral plane into the vertebral body. A guide wire is
then inserted replacing the trocar of the Jamshedi needle, and
a cannulated drill (matching implant size) is threaded over the
guide wire and advanced forward under X-ray control to reach
the anterior third of the vertebral body in the lateral view. The
drill is then removed, and the unexpanded implant is inserted in
lateral view with the guide wire still in place. Once optimum
position is confirmed, the guide wire is removed, and the
implant is expanded. With the working cannula in place,
cement is slowly injected under X-ray control. A maximum
of 1 mL of cement is required to fill the expanded implant.
Figures 2, 3 and 4 show a typical pre- and post-operative radio-
graph of a patient with multiple VCFs who underwent vertebral
augmentation with the Osseofix™ implant.

Surgical details are presented in Table 2. Eighty two levels
were augmented with a mean of 5 levels per patient
(SD = 1.4). One hundred and 52 implants were applied with a
mean of 10 implants per patient (SD = 2.9). Augmentation
was performed in the thoracic spine in 5 patients (31.3%),
lumbar spine in 1 (6.3%), and both the thoracic and lumbar spine
in 10 (62.5%). Bipedicular augmentation was performed in
69 (84.1%) vertebral bodies. All patients were subjected to
multi-level augmentation and the median length of stay
postoperatively was 1.5 days (IQR 1–3).

Statistical analysis

The Wilcoxon signed-rank and paired t-tests were used to
examine longitudinal changes in the primary outcome
measures: kyphotic angle, VAS and ODI, depending on the
distribution of data. Linear regression, using a forward stepwise
approach, was utilised to model the postoperative changes in
VAS and ODI and predictive baseline variables and radiologi-
cal changes. Statistical significance was set at p < 0.05.
Statistical analyses were performed in SPSS v24.0.

Results

There were no perioperative or one-year post surgery com-
plications necessitating re-intervention. This included no
cement leakage or adjacent-level fractures and no implant fail-
ure or migration at one-year follow-up.

The VAS and ODI were both significantly improved
12 months post-operatively (p < 0.001) (Figure 5). The
increased number of implants used was predictive of ODI
(B-coefficient �4.29 [95% CI �7.29 to �1.29], p = 0.008)
and VAS (B-coefficient �0.48 [95% CI �0.97 to �0.002],
p = 0.049) improvement (Table 3).

The median preoperative kyphotic angle was 39.5� (IQR
24.6–55.8) which increased to 43.9� (IQR 24.9–61.8) post-
operatively; however, this did not reach statistical significance

Figure 2. Left image – pre operative sagittal MRI STIR showing vertebral compression fractures of T12–L4 caused by myeloma infiltration.
Right image – Pre-operative Axial CT scan of L2 showing a typical posterior wall defect.
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(p = 0.215, Wilcoxon signed-rank test). The average VCR
correction was 1.5% (SD = 3.2) and there was no association
between VCR and VAS or ODI. The VAS and ODI were both
significantly improved 12 months post-operatively (p < 0.001)
(Figure 5). The increased number of implants used was predic-
tive of ODI (B-coefficient �4.29 [95% CI �7.29 to �1.29],
p = 0.008) and VAS (B-coefficient �0.48 [95% CI �0.97 to
�0.002], p = 0.049) improvement (Table 3).

Discussion

Myeloma is a known cause of painful VCFs at multiple
levels which can affect quality of life greatly. After conservative
management has failed, options can include vertebral augmen-
tation procedures. This study has reviewed the outcomes of a
third-generation vertebral augmentation device known as
Osseofix, an expandable titanium mesh implant. In our study,
we have reported no complications and a statistically significant
improvement in patient-reported outcomes at one year follow-
ing surgery.

Both VP and BKP techniques can cause leakage of bone
cement especially when the integrity of the posterior wall is
lost. This can cause serious complications such as remote organ
embolism, local chemical irritation or neural compression and

adjacent level fractures [14–16]. From the 152 implants used,
there were no clinically significant cement leakages. This
resulted in a 0% leakage rate which is far superior to rates of
20–70% for vertebroplasty (3% symptomatic) and 4–13.4%
(1.3% symptomatic) for kyphoplasty [17] or 6.1% for radiofre-
quency kyphoplasty [18]. Expandable titanium implants such as
the Osseofix� implant need smaller amounts of cement (0.6–
1.0 mL) to augment the vertebral body. Upasani et al. have also
shown that despite using less cement, expandable titanium
implants are biomechanically equivalent to kyphoplasty thereby
reducing the risk of cement leakage in vertebral bodies with
posterior wall defects [19]. The surrounding trabecular bone
is compacted outward by the device (Figure 6). This operation
has two advantages: the compaction of the trabecular bone
leads to a theoretical increase in the vertebral body height, thus
reducing kyphotic deformity, and the interdigitation of trabecu-
lar bone into the mesh stabilises the system itself. After this
process, cement is injected inside the expanded device; signif-
icantly less PMMA is required in comparison to standard
kyphoplasty. Moreover, the PMMA creates an interdigitation
between the cells of the titanium mesh and the surrounding
bone, further stabilising the system and preventing cement leak-
age [20]. This implant has also been advocated in the use of
symptomatic osteoporotic stable burst fractures. Ender et al.
have shown favourable clinical results with reduced rates in

Figure 3. Six week postoperative PA and lateral whole spine radiographs showing multi-level instrumentation with the Osseofix™ implant.
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Figure 4. Pre and 2 years postoperative lateral whole spine radiographs showing improvement in sagittal balance after augmentation (T12-L4)
with the Osseofix™ implant. using Surgimap™ software (PT = pelvic tilt, PI = pelvic incidence, LL = Lumbar lordosis, SVA = sagittal vertical
axis).

Table 2. Surgical level and laterality of augmentation and cage placement in 82 vertebrae.

Patient # Surgical level

T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 L1 L2 L3 L4 L5 Total
1 B B B B B 5
2 B R B B B B B 7
3 B B B B B 5
4 B L B B 4
5 B B B B B 5
6 B B B 3
7 L L L B B B 6
8 B B B B B R 6
9 B B B B B 5
10 B B B B B B B B 8
11 L B B B 4
12 L B B B 4
13 B B B B 4
14 B B B B 4
15 L L L L B 5
16 L B B B B B B 7
Total 1 1 5 3 5 5 2 10 6 14 9 7 7 4 3 82

B = bilateral; R = right; L = left.
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terms of cement leakage and secondary vertebral subsidence
[20]. With the number of osteoporotic VCFs expected to double
by 2050, it is important to acknowledge other methods of
vertebral stabilisation [21].

A significant improvement in patient-reported outcomes
was noted. Patients experienced significantly less pain twelve
months postoperatively as shown by a 65% improvement in

VAS score. Similarly, ODI improved from 58.6 (SD = 21.6)
to 27.2 (SD = 21.7). Our study, therefore, found comparable
results to kyphoplasty and vertebroplasty after 12 months in
the functional outcome (ODI) and pain relief (VAS).
Regression analysis of the data found a statistically significant
relationship between the number of implants used and
improved ODI and VAS. We hypothesise that patients who

Figure 5. Profile plots of ODI and VAS changes 12 months postoperatively. The individual coloured lines are representative of individual
patients. The bold black lines represent changes in overall size effect. The median preoperative VAS was 8.6 (IQR 7.3–10.0) improving to 3
(IQR 1.0–4.0) (p < 0.001, Wilcoxon signed rank test). Similarly, ODI improved from 58.6 (SD = 21.6) to 27.2 (SD = 21.7) (p < 0.001, paired t-
test).

Figure 6. Osseofix™ implant being deployed and compacting trabecular bone and allowing improved cement interdigitation.

Table 3. Results of linear regression modelling of VAS and ODI.

Variable VAS ODI

B coefficient (95% CI) P B coefficient (95% CI) P

Age* 0.09 (�0.12 to 0.16) 0.755 0.02 (�0.93 to 1.01) 0.933
Sex (reference: female) 0.12 (�2.91 to 4.25) 0.696 0.15 (�18.35 to 31.35) 0.584
ASA* 0.01 (�2.51 to 2.61) 0.967 0.41 (�3.56 to 29.04) 0.116
Time from imaging to operation* 0.11 (�0.02 to 0.03) 0.698 �0.07 (�0.19 to 0.15) 0.814
Total levels* �0.48 (�2.03 to 0.05) 0.061 �0.45 (�13.88 to 0.86) 0.079
Total cages* �0.50 (�0.97 to �0.02) 0.049 �0.63 (�7.29 to �1.29) 0.008
Preoperative kyphotic angle* 0.24 (�0.04 to 0.10) 0.374 0.16 (�0.36 to 0.65) 0.551
Change in kyphotic angle* �0.08 (�0.22 to 0.17) 0.782 �0.32 (�2.05 to 0.53) 0.225
Average VCR correction �0.26 (�0.72 to 0.26) 0.329 �0.07 (�3.95 to 3.14) 0.809

* Entered into model as continuous variables.
As only one variable tested significant in both models, forward stepwise regression incorporating multiple variables was not feasible.
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have multi-level VCFs have more pain and worse function. As
these levels are augmented and stabilised, they offer the patient
greater relief of symptoms and improved function. Based on
these results, we would advise early augmentation surgery for
the treatment of multilevel VCFs.

We found that the median kyphotic angle progressed from
39.5� to 43.9� postoperatively, but the average single level
VCR improved by 1.5%. Ender et al. outlined improvement
in the local kyphotic angle following implantation of expand-
able titanium mesh implants for single-level osteoporotic
fractures [20]. Our study involved patients who required a mean
of 5 levels of augmentation and therefore represented a more
severe disease process and spinal deformity. Despite the
perceived worsening of kyphosis in our study, this was not
statistically significant. There was also no relation between
change in deformity and outcome scores showing that this
device offers pain relief and improved function but not defor-
mity correction.

Limitations of this study include a relatively small sample
size of patients. However, the total number of implants used
in this study is the highest reported in the current literature.
Our follow-up finished at one year and we acknowledge the
long-term outcome of surgery was not included in this study.
A follow-up to this study would be to perform a randomised
controlled trial directly comparing vertebroplasty and
kyphoplasty to the Osseofix implant.

Conclusion

Our study represents the largest published series of titanium
mesh implants used for the treatment of VCFs in myeloma. We
have shown good outcomes comparable with older more
established augmentation techniques with the main advantage
being a greatly reduced complication profile. From the 82
implants used, there were no recorded complications such as
cement leakage or adjacent-level fractures. From our experi-
ence, the more symptomatic patients suffer with multiple VCFs
at various levels. This is the first study to investigate the clinical
and radiological outcomes of stabilisation on multiple vertebral
fractures in MM and shows an improved outcome with more
levels that are augmented.

We believe that expandable titanium mesh implants are a
safe and clinically effective method of relieving pain, improv-
ing function, and stabilising VCFs in myeloma patients. Such
implants should be advocated by national and international
organisations as another treatment strategy for these patients.
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