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Abstract

Kyphoplasty is a minimally invasive procedure primarily used for the treatment of osteoporotic vertebral compression fractures
(VCFs), traumatic fractures, and spinal involvement due to metastatic cancer. Even though kyphoplasty is generally regarded as a
safe intervention, physicians should be aware of its potentially serious complications, although they are rare, especially considering
the high number of patients who have the procedure done each year. This study aims to review the most significant complications
related to kyphoplasty, along with their incidence, risk factors, and preventive strategies. We reviewed relevant articles from
PubMed, Google Scholar, and credible sources to write this article. Cement leakage and adjacent vertebral fractures (AVFs) —the
latter being the most frequent —are two of the most serious side effects. There are several ways that cement leakage can occur,
including paravertebral (the most common), epidural, intradiscal, pulmonary embolism (PE), and foraminal leakage. It has been
demonstrated that the eggshell technique, directional balloon placement, high-viscosity cement, and smaller cement volumes all
lower the chance of cement leakage. Two important risk factors for AVFs are intradiscal cement leakage and preexisting
osteoporosis in nearby vertebrae. Thus, managing these two elements could help avoid this issue. Achieving the best therapeutic
results requires understanding the potential side effects of kyphoplasty and implementing effective management and prevention
techniques.
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Background

Kyphoplasty is a minimally invasive procedure
designed to restore vertebral body height and reduce the
associated kyphotic deformity. In kyphoplasty, an
inflatable balloon tamp is inserted into the collapsed
vertebra under imaging guidance. The balloon is inflated
to create a cavity. After that, acrylic bone cement is poured
into the cavity to preserve the correction and stabilize the
bone (1-5). Kyphoplasty is an extension of vertebroplasty
that offers several advantages, including reduced cement
extravasation, improved restoration of vertebral body
height, and greater reduction of kyphotic angle. However,
vertebroplasty has been proven to be more effective in
pain reduction (3, 6, 7).

Kyphoplasty is commonly indicated for osteoporotic
vertebral compression fractures (VCFs), traumatic fractures,
and malignancy-related fractures (e.g., multiple myeloma
or metastatic disease) (1, 8-12). VCFs are prevalent in the
elderly, particularly postmenopausal women (13), and
spinal metastases are an increasing concern in patients with
cancer (14). Thousands of kyphoplasty procedures have
been documented across numerous studies and patient
populations, according to systematic reviews and
extensive meta-analyses (10, 12, 14). Even though the
majority of kyphoplasty complications are silent,
clinicians should be highly aware of any potential side
effects (15).

This review aims to examine the most significant
complications following kyphoplasty, their incidence,
clinical relevance, associated risk factors, and strategies for
their prevention.

Methods

A selective search of PubMed, Google Scholar, and
credible medical websites was conducted to identify
relevant literature on kyphoplasty complications, risk
factors, and preventive strategies. Search terms included
combinations of keywords such as ‘'kyphoplasty",
"complications", "risk factors", "cement leakage", "adjacent
fractures", "prevention", and "compression fracture".
English-language publications, original research studies
(clinical trials, observational studies), and review articles
concentrating on kyphoplasty results were the
requirements for inclusion. Studies with insufficient data
and articles that were not primarily about kyphoplasty
complications were among the exclusion criteria. Selected
articles were screened based on titles and abstracts,
followed by full-text reviews to ensure relevance. No
systematic methodology was applied.

Risk Factors for Symptomatic Complications: Although
research indicates that kyphoplasty is a reasonably safe
procedure, even its rare complications can carry
significant potential risks. It has been estimated that
kyphoplasty has an overall complication rate of less than
4% (16, 17). The timing of the procedure relative to the
vertebral fracture is a crucial factor in reducing the risk of
complications after kyphoplasty. Research shows that
kyphoplasty patients who receive treatment within eight
weeks of the fracture have fewer complications, while
those who receive treatment after more than twelve weeks
typically have more complications. Furthermore, patients
with osteoporotic fractures typically experience fewer
kyphoplasty complications than those with cancer-related
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metastatic fractures. Additionally, the shape of the
fracture can significantly impact the risk of adverse events.
Individuals with wedge fractures represent a lower
incidence of complications compared to those with
biconcave or crush fractures (17).

Cement Leakage: Cement leakage is one of the most
important complications associated with kyphoplasty and
vertebroplasty. The use of a balloon and the cavity it
creates within the vertebral body are the primary reasons
why kyphoplasty has a lower incidence of cement leakage
compared to vertebroplasty. This process enables the
application of more viscous cement at a significantly
lower pressure than is required for vertebroplasty (18).
Cement leakage has been reported at about 41% for
vertebroplasty and 9% for kyphoplasty (10). Furthermore,
the overall cement leakage rate following kyphoplasty, as
confirmed by radiography, is roughly 6.9% (19).

Although cement leakage after kyphoplasty can occur
in several anatomical locations, it most frequently
happens in the paraspinal region, which is usually
asymptomatic and accounts for approximately 48% of
kyphoplasty leakages. Cement can also leak into the
intervertebral disc space. This type of leakage can alter the
disc's modulus of elasticity, leading to a transitional zone
that increases the risk of adjacent vertebral fractures
(AVFs). Roughly 38% of all observed cement leaks are of this
type. Despite being less frequent, epidural leakage can
result in mass effect and thermal damage to the spinal
cord, which can cause symptoms associated with space-
occupying lesions. It is estimated that approximately 11% of
cement leakages following kyphoplasty are epidural
leakages. Pulmonary embolisms (PEs) resulting from
cement leakage are very uncommon and have been
observed in only 1.5% of such cases. After this type of
leakage, thoracic surgery is rarely necessary; supportive
care is usually used to manage it. Foraminal leakage may
also occur although its incidence is low - similar to that of
PE - accounting for approximately 1.5% of cement leakages
following kyphoplasty. It is often observed in patients who
continue to report localized pain after cement injection (2).

Minimizing the Risk of Cement Leakage: The risk of
cement leakage following kyphoplasty can be successfully
reduced by taking steps like wusing high-viscosity
polymethylmethacrylate (PMMA) cement, minimizing
cement volumes, applying the "eggshell" technique, and
utilizing the directional balloon technique. The eggshell
technique, as illustrated in figure 1, involves inserting the
balloon into the vertebral body, inflating it with 1 ml of
volume, then deflating and removing it.

The cavity is then filled with a tiny quantity of doughy

cement. The balloon is then put back in, inflated, and
secured. An eggshell cavity is created around the balloon
as the cement that was first injected starts to polymerize.
When the cement hardens, inflation continues to exceed 1
ml until the balloon reaches a maximum pressure of 200
pound per square inch (psi) or its maximum size-
dependent volume. The preformed area is then filled with
the remaining cement (19-21).
AVFs: AVFs are the most frequent complications after
kyphoplasty (Figure 2). After vertebroplasty, up to 12.4% of
patients experience VCF within two years. The incidence of
this type of fracture after kyphoplasty is lower than that of
vertebroplasty because of the correction of kyphotic
deformity (19, 22, 23). Intradiscal cement leakage and the
presence of osteoporosis in other vertebrae, such as
secondary osteoporosis induced by corticosteroid use, are
two significant risk factors for these fractures (19, 24, 25).

® —_— ®

Figure 1. Step-by-step illustration of the eggshell technique. A) Insertion of working
cannulas and inflatable bone tamps (IBTs) between the vertebral endplates; B) Initial
inflation of balloons until a 1-ml volume is achieve; C) Injection of a small volume of
polymethylmethacrylate (PMMA) cement into the created space; D) Reinflation of
the balloons to press the cement against the endplates, forming an “eggshell-like”
structure; E) After cement hardening, further balloon inflation is continued up to
200 psi or the maximum balloon capacity; F) Final PMMA injection into the cavity
under continuous lateral fluoroscopic guidance [Adapted from Lee et al. (21)
licensed under CC BY 4.0]

Thus, two important methods for lowering the risk of
AVFs are stopping cement leakage and appropriately
treating osteoporosis. In addition to these two measures, a
balanced diet high in calcium and vitamin D, weight-
bearing activities, and fall prevention techniques are just a
few examples of specific lifestyle changes that can help
lower the risk of further fractures. For those who are more
susceptible to osteoporosis, these adjustments are
especially crucial (26).

Figure 2. Sagittal computed tomography (CT) scan demonstrating an
adjacent segment fracture (ASF) in the superior vertebral body
following kyphoplasty [Adapted from Aboud et al. (27) licensed under
CCBY 4.0]

Postoperative Pain Management: Kyphoplasty typically
results in substantial relief of back pain associated with
VCFs; however, some patients still have persistent or
recurrent pain after the procedure. It has been
demonstrated that local injections of anesthetics and
corticosteroids can improve postoperative functional
outcomes and reduce pain in the short term (28). After the
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procedure, standard analgesics can also be given right
away. Research suggests that as pain goes away, people
tend to take fewer of these medications over time (29).
Applying heat or ice can help control postoperative pain in
addition to pharmacological management (26).
Challenges and Future Directions

Since cement leakage is important and can have
serious repercussions, more research is required to create
biocompatible cements with less extravertebral
penetration and to improve early leak detection using
cutting-edge imaging methods. Reducing the risk of AVFs
is another significant challenge in this area that calls for
more research. Promising directions for future research
include kyphoplasty combined with osteoporosis
management treatments and concurrent reinforcement
of neighboring vertebrae during the procedure.
Additionally, studies have begun to use artificial
intelligence (AI) to forecast the location and magnitude of
cement leakage and nearby fractures, as well as to evaluate
the risk-benefit ratio for specific patients (30-33). It is
recommended that future systematic reviews and meta-
analyses carefully evaluate and compare these Al-based
tactics. More advanced algorithms can be developed to
identify high-risk patients, optimize patient selection, and
personalize procedural approaches by integrating risk
factors, clinical parameters, imaging results, and surgical
outcomes and complications. Another issue seen in this
field is the lack of clinical trials assessing the efficacy of
physical therapy and rehabilitation following the
procedure for pain relief and functional recovery. To
develop precise and standardized physiotherapy protocols
as a component of the treatment plan going forward,
more controlled clinical studies should be planned and
carried out.

Conclusion

Although kyphoplasty is a safe and efficient treatment
for metastatic spinal lesions and VCFs, it is important to
take into account potential side effects like cement
leakage and nearby vertebral fractures. The risk of adverse
events is greatly influenced by fracture morphology, the
underlying indication for the procedure, and the time
between fracture occurrence and kyphoplasty. Cement
leakage —most commonly paraspinal —can be minimized
by using high-viscosity cement, the eggshell technique,
and controlled injection. Disc leakage and osteoporosis in
nearby vertebrae are two leading causes of AVFs.
Postoperative pain may occur, but is usually manageable.
Further research is needed to identify predictors and
improve long-term outcomes.
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