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Bone Protrusion That We Should be Aware of: Foraminal
Osteophytes; Classification and Surgical Results

Farkinda Olmamiz Gereken Kemik Cikinti: Foraminal Osteofitler,

Siniflama ve Cerrahi Sonuclar

® Ahmet Ogrenci

Neurospinal Academy, Neurosurgery, istanbul, Turkey

Abstract

0z

Aim: The aim is to report our surgical results and techniques and
to establish a common classification system for lumbar foraminal
osteophytes.

Methods: Thirty-six patients who underwent surgery at our institution
were included. Because of the presence of radicular pain in these
patients, after magnetic resonance imaging, computed tomography
(CT) of the lumbar spine was performed to confirm foraminal stenosis.
Osteophytes were classified using CT images in patients with findings
of foraminal stenosis related to osteophyte formation. Preoperative
and postoperative visual analouge scale scores for leg pain were
compared.

Results: Statistical analysis revealed significant improvements
after surgical treatment. Osteophytes in the lumbar foramina were
examined and classified as grades 1 to 4. A treatment algorithm for
osteophyte-related radiculopathy was established.

Conclusion: Foraminal osteophytes induce radiculopathy in
degenerative spine disease and have a high incidence. If there are
radicular findings in degenerative lumbar diseases and problems at the
foraminal level, then the size of the foramen and grade of osteophytes
should be evaluated with lumbar CT. Surgical treatment can achieve
significant results.

Keywords: Foraminal osteophytes, foraminal stenosis, osteophytes
classification, radiculopathy

Amacg: Amac lomber foraminal osteofitlerde cerrahi sonuglar ve
teknigi paylasip, ortak bir siniflama olusturmak ve tedavi algoritmasi
belirlemektir.

Yontemler: Opere ettigimiz 36 hasta ¢alismaya dahil edildi. Radikuler
adrilar olan ve lomber manyetik rezonans goérintiilemede foraminal
stenozu olan hastalara lomber bilgisayarli tomografi (BT) ¢ekimi yapildi.
Osteofit formasyonuna bagli foraminal stenozu olan ve tarafimizca
buna bagli olarak ameliyat edilen hastalarda BT goruntuleri kullanilarak
belirli kriterlere gére osteofitler siniflandirildi. Preoperatif ve postoperatif
bacak visual analog skala degerleri karsilastirildi.

Bulgular: istatistiksel analizde cerrahi sonrasinda anlamli iyilesme
g6zlendi. Ameliyat ettigimiz hastalarda lomber foramendeki osteofitler
belirli kriterlere gore siniflandirildi. Siniflama grade 1'den grade 4’e
kadar dlzenlendi. Radikiilopati nedeni olan osteofitler icin bir tedavi
algoritmasi dlizenlendi.

Sonug: Foraminal osteofitler dejeneratif omurgada radikilopati
nedenidir ve énemli oranda gordllrler. Dejeneratif lomber omurgada
eger radikiler bulgular var ise ve foramen seviyesinde problem
gbrullyor ise lomber forameni degerlendirmek ve osteofit derecesini
gérmek icin lomber BT gerekecektir. Cerrahi tedaviler 6nemli sonuglara
ulagabilmektedir.

Anahtar Sozciikler: Foraminal osteofitler, foraminal darlik, osteofit
siniflamasi, radiktlopati

Introduction

Osteophytes develop because of degeneration in
the bone surfaces, and osteophytes in the spine are
regarded as both a result of degeneration and a defensive

mechanism. The occurrence of osteophytes during
degeneration due to aging is increasing. Osteophytes
in the lumbar region are occasionally encountered by
clinicians, but most related studies focus on the anterior
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osteophytes and their effects. Posterolateral osteophytes
and their clinical effects at the foraminal level, which can
cause neural compression, have not been examined in any
study to date. In this study, we evaluated patients treated
for osteophytes at the foraminal level and developed a
grading system for osteophytes based on our findings.
We also described our surgical technique for foraminal
osteophytes, which are a cause of radicular symptoms.

Methods

The study was retrospective. Ethical approval from
relevant institution and informed consents from patients
were obtained. We included patients with radiculopathy
who were evaluated using both magnetic resonance
imaging (MRI) and computed tomography (CT) of the
lumbar spine and underwent surgery for foraminal
osteophytes on one level. Patients who did not benefit
from conservative treatment and had to undergo surgical
treatment were also included.

We employed the following criteria for patient
selection:

1. No soft tissue-disc appearance to explain radicular
findings,

2. No significant angulation in the coronal plane,

3. No additional bone pathology (such as rheumatoid
arthritis, osteoporosis, and ankylosing spondylitis),

4. No listhesis to narrow foramen,

5. Surgical treatment for single level foraminal
osteophytes.

We included 36 patients in the study and assessed 360
lumbar foramina on sagittal CT images in the classification
phase.

The following parameters were used for classification:

1. Bone spur size,

2. Corpus and end plate sclerosis,

3. Loss of height at the intervertebral disc on CT
images.

The age range for patients was between 32 and 87
years (average 56.4 years). Further, 26 patients were
female and 10 were male. The mean preoperative and
postoperative visual analouge scale (VAS) values for leg
pain were compared. The mean length of hospital stay
was 1.8 days, and the mean postoperative follow-up
period was 25.2 (18-54 months) months.

Statistical Analysis

For statistical analysis of this study, Statistical Package
for Social Sciences version 22.0 (SPSS Inc., Chicago, IL, USA)
was used. Data were calculated with the help of computer,
analysis was performed using the paired Samples t-test. A
p value of less than 0.0001 was considered statistically
significant.

Results

The mean preoperative and postoperative VAS
values for leg pain were 7.864+1.322 and 2.205+1.212
(p<0.0001) (Table 1). Surgical treatment was highly
effective in relieving radicular complaints. Foraminal
distributions for patients were as follows: twenty nine L5,
five L4, one L2, and 1 L3.

After surgical treatment, one patient experienced
temporary causalgia due to rootdermatome decompression
in the foramen and spontaneously recovered within a few
days.

The lumbar foramina were examined for all patients,
and osteophytes were graded. Measurements using
sagittal CT revealed that the foramen narrowed due to
an osteophytic spur on the sagittal plane. A collapsed
intervertebral disc was also the second leading cause
of foraminal narrowing. Osteophytes were classified as
follows:

Grade 1: Osteophytes appeared to disrupt the integrity
of the bone surface. No narrowing of the foramen was
observed at the sagittal plane. Foraminal height was
unaffected, and intervertebral disc distance was generally
preserved (Figure 1).

Grade 2: Osteophytes protruded from the bone
surface. Sclerotic surfaces were sometimes visible. The
integrity of the foramen had begun to deteriorate in
the sagittal plane, but the foramen was not significantly
narrow (Figure 2).

Grade 3: Narrowed foramen due to osteophytes was
apparent. The transverse diameter of the foramen at the
sagittal plane was smaller by =50%.

The bone spur was conspicuously protuberant.
Sclerosis could be seen, and the intervertebral disc had
nearly collapsed (Figure 3).

Grade 4: Osteophyte duplicated the foramen. The
integrity of the foramen had completely deteriorated
in the sagittal plane. There was definite collapse at the
intervertebral disc space. Foraminal stenosis was evident
due to a collapse of the disc distance, and “foraminal
duplication” could be seen (Figure 4).

We also recorded the surgical techniques used. For 12
patients, the foraminal osteophyte was extended in the lateral
direction according to the facet joint, and stabilization was
performed because of shaving/excision of the facet joints.

Table 1. Comparison of visual analouge scale values for leg
pain between preoperative and postoperative periods

Mean * standard
deviation P
Preoperative VAS for leg pain 7.864+1.322
- - <0.0001
Postoperative VAS for leg pain 2.205+1.212

VAS: Visual analouge scale
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Figure 1. Grade 1 osteophyte

Figure 2. Grade 2 osteophyte

Decompression  (foraminotomy+osteofitectomy)  was
sufficient for 24 patients (Table 2), and radicular symptoms
decreased in all patients after treatment.

Case 1

A 44-year-old female patient presented with severe
pain in her left leg (VAS 9) and foot drop after a long trip
with prolonged sitting. Lumbar MRI of the patient, who
previously underwent surgery for left L5-S1 disc herniation,
showed compression at the left foraminal level of the L5
root. Soft disc herniation was not considered due to the
collapse of the intervertebral disc, and lumbar CT was
performed. A grade 3 osteophyte originating from the
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Figure 3. Grade 3 osteophyte

Figure 4. Grade 4 osteophyte

upper end plate (lower border of L5 corpus) was observed
on lumbar CT. She was injected with a local anesthetic
(2 cc 0.25% bupivacaine) in the left L5 foramen. Once
the pain temporarily improved, she underwent surgical
treatment for severe motor deficits. After osteophyte
resection, she experienced significant improvements in
motor deficits and pain (Figure 5). Postoperative leg pain
score was 1 at the first month.

Case 2
This 48-year-old male patient was receiving medical

treatment (gabapentin, for 12 years) for long-term low
back and left leg pain. He underwent lumbar MRI due to
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complaints of increased pain (VAS for left leg pain, 10).
Foraminal stenosis was observed in the left L5 foramen.
Due to reduction in the intervertebral disc distance, the
problem was considered to be related to osteophytes, and
the patient underwent lumbar CT. A grade 3 osteophyte
in the left L5 foramen was observed on lumbar CT (Figure
6). Transforaminal injection (2 mL 0.25% bupivacaine+40
mg methylprednisolone acetate) was administered
firstly because of the absence of neurodeficits. Surgical
treatment was planned for the patient when pain control
could not be achieved. Because he suffered from chronic
low back pain and lateralization of the osteophyte
according to the facet joint, facetectomy and osteophyte
resection were performed along with stabilization.
Postoperative VAS score for leg pain was 2 at the first
month. He discontinued the long-term medical treatment
(gabapentin) on postoperative day three.

Surgical Technique

The patient was placed in the prone position under
general anesthesia. Paravertebral muscles were laterally
stripped on the side of the surgery. The root was found
after laminotomy or hemilaminectomy at the operation
side. The lamina at the same location as the root (e.qg.,
L5 laminotomy for L5 root decompression) was excised
upwards. After the root was found, it was laterally
followed. The foramen narrowed due to the collapse
of the intervertebral space and osteophyte. The bone
protrusion—osteophyte—was fractured and excised using
an appropriately sized osteotome. The osteotome was
tilted from the medial to the lateral direction in an attempt
to break the bone protrusion (Figure 7). Few important
points should be noted at this stage:

1. If the osteophyte is more laterally located than the
anterior articulation point of the facet joint, then resection
may be inadequate and excising the facet joints may be
necessary. Adding stabilization at this stage will prevent
possible instability during the postoperative period.

2. Removal of the bony protrusion in one piece
while breaking the osteotome will help ensure complete
decompression. It is difficult to remove lateralized portions
piece by piece, but removing the spur with osteotome in
one piece may enable unblock extraction and complete
decompression without excision of the facet joint.

3. The placement of the facet joint according to the
sagittal plane is also important for preserving the facet
joint. Preservation of sagittal orientated facet joints is more
difficult because of the angulation of facet articulation
faces.

Generally, the contused root rapidly recovers after
decompression. If no further intervention is needed, then
the surgery is terminated.
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Discussion

Vertebral osteophytes depend on degeneration of the
nucleus pulposus in the intervertebral discs. Over time,
degeneration of the nucleus pulposus leads to a loss of

Table 2. Distribution of patients according to foraminal levels
and osteophyte grades

Grade 2 Grade 3 Grade 4 Total
Number of cases 2 29 5 36
Stabilization 1* 8** 3 12
L2 foramen 1 - - 1
L3 foramen 1 - - 1
L4 foramen - 5 - 5
L5 foramen - 24 5 29
*This patient had osteophytes in the L2 foramen. **Four patients in this group
had osteophytes in the L5 foramen, and other four patients had osteophytes
in the L4 foramen

Figure 5. a) Osteophyte formation can be observed in the L5
left foramen. b) Postoperative axial image shows decompression,
indicating that the foramen was expanded. Decompression
was performed with hemilaminectomy and osteophytectomy.
Osteophytic spur can be seen at the medial side of the vertical
red line (a) which cross from the anterior point of articulation
faces of facet joint. Therefore, the facet joint could be protected.
Preoperative (c) and postoperative (d) sagittal computed
tomography images also showed differences after surgical
treatment. The patient’s complaint of left leg pain dramatically
decreased after surgery
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Figure 6. a) Axial magnetic resonance and computed tomography
(CT) images show how the root (white arrow) was compressed
by a grade 3 osteophyte (black arrow). CT image shows that this
is purely osseous pathology. b) Black arrow in postoperative axial
CT section shows decompression. An osteophytic spur can be
seen on the lateral side of the vertical red line, (a) which crosses
from the anterior point of the articulation faces of the facet
joint. Facetectomy and osteophytectomy were performed for
L5 root decompression. In addition to facetectomy, the patient
was stabilized because of chronic low back pain. Black arrows
in preoperative (c) and postoperative (d) sagittal CT sections
show differences after surgical treatment. Left radicular pain
completely regressed

Figure 7. Surgical opening, osteophyte resection, nerve roots,
and post-decompression view

intervertebral disc height and diminished load-sharing
capacity. Osteophytes occur due to an attempt to increase
the weight distribution surface.

Reduced disc height is also
intervertebral disc calcification (1,2).

Numerous reports have been published discussing
osteoarthritis in extremities that concern orthopedists.
Some of these involve narrowing of the joint space,
bone sclerosis, and hypertrophy (3,4). We conducted our
study based on similar changes in the vertebrae. Pye et
al. (5) have shown that increased osteophyte formation
is associated with decreased disc space, but the level of
collapse of the intervertebral disc is not always correlated
with the degree of osteophyte formation (1,6).

Osteophytes can form at all levels of the lumbar
vertebrae. Previous studies have shown that the
probability of osteophyte formation above a certain age is
very high and that osteophytes can be found at all levels.
Osteophytes form at inappropriate locations on the body
and, therefore, compress adjacent tissues.

Anteriorly located osteophytes have always been of
interest. Patients with associated vascular compression
symptoms have been reported (7-9). Posteriorly located
osteophytes cause neural compression.

No studies to date have reported on posterolateral
osteophytes that can develop in the foramen. This report
describes the first classification system for foraminal
osteophytes and outcomes of surgical treatments.

Osteophytes are found 100% in the elderly, this
indicates a necessity for better understanding of the
associated effects.

Neurosurgeons are often interested in neural
decompression and foraminotomy. In addition to soft
tissue excision (i.e., disc, flavum), it is necessary to
recognize that osteophytes can cause serious foraminal
compression at the posterolateral side of the corpus.
Therefore, the development of a common classification
system is necessary.

Various classification systems for vertebral osteophytes
have been reported. However, none of these systems
have considered the foraminal pressure (except Lee's
study, but it is not directly related to osteophytes), and
they are mostly related to the shape and extent of
osteophytes. Nearly all of these classification systems were
applied to anteriorly located osteophytes. We developed
a classification system by examining osteophytes in the
foramen and consequences of these osteophytes.

The first comprehensive study on vertebral osteophytes
was conducted by Nathan (10) and involved anterior claw
osteophytes. Later studies progressed as extensions of
this study. Vertebral osteophytes were later classified as
traction, claw, or mixed type by McNAb in 1971 (11).

associated  with
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He suggested that osteophytes protrude 2 mm from
the vertebral corpus. Thereafter, different studies were
conducted to investigate the severity and orientation of
the protrusion of osteophytes from the surface (12-14).

Yuichi Kasai's study also classified anterior vertebral
osteophytes according to their orientation. This
classification, which is based on the association of spurs
from the lower and upper end platelets, does not provide
new data on neural compression related to osteophytes
(12).

The appearance of osteophytes indicates a deterioration
of stability and is thought to be an attempt to provide
stability. Even, it has even been shown that anterior
osteophytes are regressed in instrumented patients (15).
However, some surgeons have observed that posterior or
posterolateral osteophytes, which we studied here, do not
regress (16,17). Osteophytes limit movement and cause
pain, and their excision leads to an increase in lumbar
movement. In addition, foraminal osteophytes may cause
neural compression, and if they do not benefit from
conventional treatments, then excision of osteophytes will
induce recovery from radicular complaints. This procedure
is known as cheilectomy in the orthopedic community
and should be called foraminal osteophytectomy for
the lumbar vertebra. There was a positive correlation
between the size of lumbar vertebral osteophytes
and age of patients. Some studies have indicated that
osteophytes are caused by aging changes. Some reports
even estimate age according to the osteophyte rating (18-
20). According to Stewart (14), there is a 75% probability
of osteophyte formation in patients aged >20 years and
100% probability of vertebral osteophyte formation in
patients aged >40 years. According to Chanapa et al.
(21), patients aged >35 years definitely have vertebral
osteophytes. Our study included patients who underwent
surgical treatment at nearly 30 years of age. We observed
an increase in osteophyte ratios as the age increased. The
study by Chanapa et al. (21) is the largest study on lumbar
osteophytes. In the study, lumbar osteophytes were
separated according to the locations of the vertebrae for
the first time and posterolateral appearance rates were
reported. Osteophytes on the upper and lower surfaces of
the corpus were also recorded for each level. According
to the authors, the least visible places are the left and
right posterolaterals, i.e., the foraminal levels. There is an
increase in the rate and severity of osteophyte appearance
from the upper to the lower levels of the lumbar foramina
(21).

In our study, the majority of patients underwent
surgery for osteophytes in the lower lumbar levels.
Particularly, higher grades of osteophytes in the L4 and L5
foramina were observed and these were more common.
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For our classification system, we evaluated osteophytes
that developed from the lower end plates of the upper
corpus. This was because osteophytes more frequently
develop in the lower end plates of the upper corpus and
induce radicular complaints because of the closer relation
to the root when exiting the foramen (the uppermost part
of the foramen).

Lee published a classification of foraminal stenosis not
directly related to osteophytes. This classification system
uses perineural fat obliteration, disc space narrowing,
thickened ligamentum flavum, facet arthropathy, and
disc osteophytic protrusion. However, the system does
not provide an idea on foraminal osteophytes and
surgical options for the pathology because the study was
radiological and was conducted using MRI (22).

In a subsequent study, the clinical correlation with
foraminal stenosis was studied using MRI. Clinical
correlation has been determined based on neurological
examination, but neurological assessment does not always
indicate the correct nerve root. In the study, several causes
of foraminal stenosis were evaluated together, but surgical
options were not explored (23).

Patients with slowly developing pathology may
sometimes present with acute symptoms. When the
treatment of patients is evaluated, surgical treatment
should be considered if pain control cannot be achieved
with medical treatment and transforaminal steroid
injections (24,25).

A point worth mentioning is how much the osteophyte
laterally and superiorly extends. In patients with
osteophytes extending in the superior direction in the
foramen, root pressure may be observed at earlier grades
because of the root’s course in the foramen. In our study,
surgery was most frequently performed for L5 foraminal
osteophytes.

Above L5, it becomes more difficult to protect the
joint because the facet joints are more medialized and
stabilization rates are greater (Table 2). The majority of
patients in this study had grade 3 osteophytes because
patients are more likely to experience clinical symptoms
during this period (grade 3) and, therefore, more likely
to be treated at this time. It is rather difficult to the
proportion of osteophytes that affect the clinical condition
because symptoms develop in some patients before the
osteophyte grade has progressed. However, patients
with grade 3 osteophytes dominated the group overall.
Therefore, we can conclude that patients in or close to
this category are likely to experience radicular complaints.

There is no need for additional intervention if
osteofitectomy using an osteotome or a high-speed drill
provides neural decompression after hemilaminectomy
and foraminotomy (Figure 5) (Table 2). We usually use
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an osteotome because it is easier to excise osteophytes
in one piece by digging underneath the protrusion and
more difficult to remove the parts extending laterally
after carving into the bony protrusion with a drill. This
process was sufficient for 24 patients. However, if the
root pressure persists beyond the foramen and passes
through the extraforaminal section, then it is usually
necessary to perform facetectomy and stabilization. An
extraforaminal approach can be employed, but it is difficult
to remove osteophytes with proper decompression
using this approach. We performed stabilization after
applying facetectomy for osteophyte resection and root
decompression in 12 patients (Figure 6) (Table 2).

The presence of osteophytes at any level does not
predict the existence of radiculopathy, and multiple
foraminal osteophytes may be the source of radicular
pain. The same surgical procedures can be performed for
multiple levels, and diagnostic transforaminal injections or
electromyography (EMG) can be helpful for the localization
of radiculopathy. We also applied medical treatment first
if the neurological deficit was not severe, followed by
transforaminal injection if complaints persisted. If the
patient did not benefit from these conservative methods,
then we progressed to surgical treatment (Graphic).

Osteophytes can be found in a majority of the foramina. To
determine the affected neural root and the root responsible
for radiculopathy, clinical and radiological evaluation must
be performed first. If the evaluation is insufficient or if
there are doubts as to which root is responsible for the
clinical condition, then we apply diagnostic injections to
the foramina only with a local anesthetic. Nevertheless,
we requested EMG examinations for some patients for
whom we were forced to identify the responsible foramen
(Graphic). These tests and injections were beneficial to
diagnose some patients.

An increase in the diagnosis of posterior and
posterolateral osteophytes has been reported. Our
study was aimed at establishing a common discourse,
classification for this situation, investigating the cause of
osteophyte-related radicular symptoms, and evaluating
the state of surgical treatments.

Conclusion

Studies on foraminal osteophytes are lacking, and
a comprehensive classification system has not been
developed to date. Surgeons should evaluate patients
using CT if foraminal stenosis or osteoarthritic pathology is
suspected. After clinical evaluation, it may be necessary to
identify the osteophyte responsible for radicular symptoms

If there is still doubt with

Radicular complaint
with osteopytic spur

the clinical condition

|

If the clinical condition is not
compatible with the

compressed root or there is
doubt

If the clinical

condition is

Diagnostic

injection{only with
local anesthetic)

compatible with
the compressed
roat

Positive
response

|

Transforaminal injection with
steroid (for therapeutic purpose)

Positive
response

MNegative
response

/

Follow up

Surgery

Graphic. Treatment and diagnosis methods for radiculopathy associated with foraminal osteophytes

EMG: Electromyography
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using EMG and diagnostic foraminal injections. Facet joint
excision may be warranted depending on localization of
the osteophyte or condition of the facet when surgical
treatment is required.

Significant results can be obtained using surgical
treatment for radiculopathies originating from foraminal
osteophytes. We aimed to create a common discourse
regarding the classification of foraminal osteophytes and
to share our surgical results.

Financial Disclosure: The authors declared that this
study received no financial support.
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