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Background and purpose: Currently no minimally invasive surgical treatment exists to provide immediate stability
for unstable cervical/cervicothoracic metastases. Long-construct spondylodesis carries a high complication risk
and has severe impact on residual range of motion. This study explores temporary halo fixation and radiotherapy
as an alternative to long-construct cervical spondylodesis.

Materials and methods: This retrospective cohort study included twenty patients with multiple unstable cervical
metastases treated between 2013-2023. All patients underwent halo fixation for an intended duration of three
months to allow for safe reossification of lytic lesions following radiotherapy, with a dose fractionation scheme
best suited to the histological origin of the tumor.

Results: Immobilization with halo fixation lasted a median 83 days (range, 41-132 days). Radiotherapy started on
average 7 days after halo fixation (range, —35-118 days). The median pain score at baseline was 8, and was 0 at
halo removal and at last follow-up. All patients had no or minor neurological deficits at baseline and did not
develop new neurological deficits. At halo removal, 17/18 patients showed radiographic evidence of reossifi-
cation. The majority of patients experienced minor limitations or had full range of motion of the neck at last
follow-up.

Conclusion: Patients with multiple unstable cervical metastases treated with halo fixation and radiotherapy
showed complete pain response or substantial pain reduction, reossification of the vertebrae and a, mostly,
preserved range of motion. In selected neurologically intact patients, this treatment might be a patient-friendly
alternative to fixation. Prospective evaluation of this treatment combination is needed.

Introduction motion, providing stability and alignment, restoring or retaining

neurological function, obtaining local tumor control, and preventing

With improving survival rates due to advancements in detection
methods and systemic treatments, more cancer patients are at risk for
developing bone metastases, with the spinal column most commonly
affected [1]. Quality of life of patients with symptomatic spinal metas-
tases can be severely impaired due to local tumor pain, pain due to
mechanical instability, pathological fractures, and the occurrence of
neurological deficits [2,3].

Of all spinal metastases, 8-20 % are located in the cervical spine [4].
Anatomically, this is a challenging location and the optimal treatment
for patients with multiple unstable metastases in the cervical/cervico-
thoracic spine is unknown. Many relevant factors need to be carefully
balanced when selecting a treatment, such as preserving range of
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complications.

Radiotherapy is effective for palliation and local tumor control, but
cannot provide immediate mechanical stability. The standard surgical
approach for multiple unstable cervical metastases is long-construct
cervical spondylodesis, applying long bridging constructs with screws
and rods. This type of surgery provides immediate stability but severely
impairs range of motion and carries a high risk of complications [5-7].
Currently, there is no minimally invasive treatment option for unstable
cervical spinal metastases that provides immediate stability and reduces
pain.

Previous studies have reported on reossification and increased bone
density after radiotherapy for bone metastases [8,9]. The phenomenon
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of reossification after radiotherapy allows for a treatment combination
with immediate stabilization offered by the application of a halo frame
combined with fractionated radiotherapy to provide long-term stability.
The halo frame can be removed when the vertebrae have reossified
sufficiently.

In the current study, we present outcomes of patients with
(impending) multiple unstable cervical metastases treated with tempo-
rary halo fixation and radiotherapy aiming for immediate cervical sta-
bilization, local tumor control, and long-term preservation of mobility.
The study explored this treatment as a potentially more patient-friendly
alternative to long-construct cervical spondylodesis.

Materials and methods

We retrospectively identified all patients with unstable cervical
metastases, including lesions at the cervicothoracic junction, who were
treated with halo fixation and radiotherapy at our tertiary referral
hospital in the Netherlands between September 2013 and July 2023. All
histological origins of the metastases were allowed. Some patients were
participant of a prospective cohort of patients with bone metastases
(PRospective Evaluation of interventional StudiEs on boNe meTastases
(PRESENT) (NL49273.041.14) [10] and we used cohort data for the
current study. Patients who were not included in the PRESENT cohort
and were alive at the time of data analysis, were contacted by their
treating physician to obtain informed consent for use of their baseline
demographics, treatment characteristics, and clinical follow-up data. As
this study was retrospective, it did not fall under the scope of the Dutch
Medical Research Involving Human Subjects Act (WMO) and was
therefore waived from study approval by an accredited medical ethics
committee. An independent quality check was carried out to ensure
compliance with legislation and regulations (regarding Informed Con-
sent procedure, data management, privacy aspects and legal aspects).
Demographic information, details regarding halo fixation and radiation
treatment plans were extracted from patients’ medical records and
recorded in Castor electronic data capture [11].

Patient selection

All included patients visited the combined radiotherapy/orthopedic
surgery outpatient clinic for elective consultation and the treatment plan
was established through shared decision making. Halo fixation and
radiotherapy was offered to patients presenting with multiple cervical/
cervicothoracic metastases, requiring stabilization due to instability,
deformity and/or mechanical pain, but where internal fixation was not
preferred, because of the considerable loss of mobility after multi-level
fixation. Additionally, patients had to be neurologically intact, or pre-
sent with minor non-progressive neurological deficits, had to have a
prognosis of > 3 months to allow for reossification and to be fit enough
for this treatment combination.

Halo fixation and radiotherapy

All patients received halo fixation (Fig. 1) for an intended duration of
up to three months to provide sufficient time for reossification of the
vertebrae after radiotherapy. It is recommended to obtain a CT skull
before application of the halo frame to rule out bone metastasis at the
intended site of the skullpins. The halo frame was applied under local
anesthesia with lidocaine/adrenaline. With the halo frame in place,
careful adjustments of the head relative to the torso could be performed
for re-alignment of the cervical spine and to allow for a horizontal gaze.
Patients were allowed to ambulate immediately and most were able to
go home on the same day. Follow up in term of how the halo frame was
tolerated, and check-up/retightening of the pins was performed one day
and one week after application and every two weeks thereafter by the
casting technician. If patients received systemic therapy during halo
fixation, they generally received a peripherally inserted central catheter
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Fig. 1. Schematic representation of a halo frame. Illustration by Ingrid Janssen.

which did not interfere with the halo vest.

External beam conventional radiotherapy was administered with a
fractionation scheme best suited to the histological origin of the tumor
and with the highest chance of reossification, at the discretion of the
treating radiation oncologist. Treatment planning and delivery was
performed in vacuum cushion immobilization and the standard planning
format could be used. In some patients it was necessary to make ad-
justments to the halo frame during the radiotherapy treatment, they had
to undergo a new computed tomography (CT) scan to adjust the plan-
ning of the radiotherapy treatment of the remaining fractions. After
removal of the halo frame, a weaning collar was applied for 7-14 days
upon patient preference. In most patients, volumetric modulated arc
therapy (VMAT) was used to deliver the conventional radiotherapy
dose, in which 95% of the planning target volume (PTV) had to receive
at least 95% of the prescribed dose. In four patients, single or multiple
CT-guided fields were used for radiotherapy planning, in which the
vertebral body received at least 80% of the prescribed dose. Dexa-
methasone was prescribed around the time of radiation delivery at the
discretion of the radiation oncologist. In patients newly diagnosed with
metastasized breast cancer, the oncologist was asked to start
bisphosphonates before initiation of radiotherapy as is standard practice
for this category of patients. Previous research indicates that when there
are visible changes in the vertebrae indicating remineralization on
radiographs/CT-scans, this is reflected in Hounsfield Units measure-
ments [9]. The halo frame was removed after a CT-scan or plain radio-
graphs of the cervical spine confirmed acceptable alignment and visible
changes indicating ongoing reossification and pain was managed
adequately.

Data collection

Study endpoints included neck pain (using the numeric rating scale,
NRS), neurological status as indicated by American Spinal Injury Asso-
ciation Impairment Scale (ASIA) [12], patient reported neck motion,
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Karnofsky Performance Score (KPS) [13], Spinal Instability Neoplastic
Score (SINS) [14], and semi-quantitative assessment of reossification on
CT images or radiographs at time of halo frame removal, and last follow-
up as assessed by the treating physicians. The ASIA impairment scale is
used to assess the degree of impairment due to neurological deficits. It
ranges from A, complete paralysis, to E, where no neurological deficits
are present [12]. We classified patient reported neck motion into full
range of motion (ROM), minor limitation in ROM, major limitation in
ROM, not assessable due to premature removal of the halo frame, and
not reported. The SINS score is a tool to aid physicians in determining
spinal stability. A score between 0 and 18 results from the sum of one
clinical and five radiological components. A score > 6 indicates poten-
tial instability requiring a consultation from a spine surgeon [14].
Follow up time was defined as time between application of halo frame
and date of data analysis or death. The patient vital status was recovered
through governmental database.

Statistical analysis

Descriptive statistics were used to describe patient and treatment
characteristics. Continuous variables were expressed as median and
ranges and proportions as percentages. Data was analyzed using SPSS
version 25.0.

Results
Demographics

Between September 2013 and July 2023, 20 patients were treated
with halo fixation and radiotherapy. Metastases originated mostly from
radiosensitive tumors (15/20 patients). In this cohort, radiosensitive
primary tumors included multiple myeloma, prostate- and breast cancer.
At baseline the majority of patients (18/20) had mechanical pain,
multiple vertebrae affected (median 4.5; range, 1-9) and high SINS
scores (median SINS 14; range, 8-17). C1 and/or C2 were affected in 16/
20 patients. Median KPS was 70 at the start of halo fixation (range,
50-100). All patients presented with no or mild neurological deficits
(ASIA E or non-progressive ASIA D) at baseline (Table 1). Median
follow-up was 28 months (range, 1-124). At 3 months after start of
treatment three patients had died and after 6 months one additional
patient had died. At time of analysis nine patients were alive, 1- and 2-
year overall survival was 70% (95% CI 46-88%) and 60% (95% CI
36-81%) respectively.

Treatment

The median period of immobilization with halo fixation was 83 days
(range, 41-132 days). In three patients, the halo frame was removed
prematurely (after 41, 56 and 61 days) due to rapidly progressive sys-
temic disease. One patient died due to perforated diverticulitis 43 days
after start of treatment, before completion of the intended halo fixation
period. Radiotherapy was initiated on average 7 days after halo fixation
(range, —35-118 days). Three patients initially received radiotherapy
only, but due to mechanical pain and/or occurrence of a pathological
fracture halo fixation was applied 3-35 days after radiotherapy. Most
patients received long course radiotherapy (typically 30 Gy in 10 frac-
tions) to increase the probability of reossification (Table 1) [9]. None of
the patients were treated with stereotactic body radiotherapy.

Clinical outcomes

The median NRS for neck pain at baseline was 8 (range, 0-10). At
time of halo frame removal, the median NRS for neck pain was 0 (range,
0-4). At last follow-up, median NRS for neck pain remained O (range,
0-4) (Table 2). One patient received re-irradiation of a recurring painful
C1 vertebra 8 months after start of halo fixation for the purpose of pain

Table 1
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Baseline characteristics of twenty participants treated with halo fixation and

radiotherapy.

Patients (N=20)

Gender, n (%)

Male 9 (45 %)
Female 11 (55 %)
Age

Median (range) 61 (45-82)
Primary cancer site, n (%)

Breast 6 (30 %)
Multiple myeloma 5 (25 %)
Prostate 4 (20 %)
Lung 105 %)
Other* 4 (20 %)
SINS score, n (%)

SINS 8-12 3 (15 %)
SINS 13 5 (25 %)
SINS 14 5 (25 %)
SINS 15 5 (25 %)
SINS 16-17 2 (10 %)
Radiation treatment

8 Gy in 1 fraction 5 (25 %)
30 Gy in 10 fractions 10 (50 %)
Other fractionation scheme 5 (25 %)
KPS, n (%)

50 6 (30 %)
60-70 6 (30 %)
80-100 8 (40 %)
ASIA Impairment Scale, n (%)

ASIAD 7 (35 %)
ASIAE 13 (65 %)
Pain score before halo-fixation

Median (range) 8 (0-10)
Missing 4

Use of dexamethason, n (%)

Yes 16 (80 %)
No 4 (20 %)

SINS: Spinal instability neoplastic score, KPS: Karnofsky performance score,
ASIA: American Spinal Injury Association

*other histologies included vaginal cancer, urothelial carcinoma and
cholangiocarcinoma.

Table 2
Pain and KPS outcomes at baseline and during follow up.
N* Pain or KPS Score, median (range)
NRS neck pain
Before halo frame fixation 16 8 (0-10)
After halo frame removal 17 0 (0-4)
At last follow up 17 0 (0-4)
KPS
Before halo frame fixation 20 70 (50-100)
After halo frame removal 18 80 (60-90)
At last follow up 17 80 (40-100)

NRS: Numeric rating scale, KPS: Karnofsky performance score.
*number of patients with outcome recorded.

palliation.

Two patients had their halo frame removed before imaging could be
obtained to assess reossification, because of rapidly progressive systemic
disease: one patient had urothelial carcinoma and one patient with
multiple myeloma became severely ill from a perforated diverticulitis
during treatment and died. The majority of patients (17/18) showed
some or substantial reossification of the cervical/cervicothoracic
vertebrae at the time of halo removal. An example of reossification of
vertebral bodies C7-T4 after radiotherapy of metastases originating
from breast cancer is shown in Figs. 2-4. In one patient, a pathological
fracture of the odontoid process remained unstable after treatment with
halo fixation followed by radiotherapy and this patient ultimately un-
derwent spondylodesis of C1-C4, 112 days after radiotherapy. At last
follow-up, no new pathological fractures requiring surgery had occurred
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Fig. 2. Patient 1 with metastases originating from breast cancer. A, Sagittal reconstruction of computed tomography (CT) scan of the cervicothoracic spine showing
lytic lesions of C7 and Th1-4 at baseline. B, Sagittal view of CT scan of the cervicothoracic spine showing reossification of the lytic lesions 71 days after start of

radiotherapy (10x 3 Gy).

Fig. 3. Plain lateral radiograph of the cervical spine of Patient 1, almost one
year after treatment showing persistent reossification and near
normal alignment.

in the cohort.

No patient deteriorated in neurological function during treatment or
follow-up. The KPS at time of removal of the halo frame had improved in
11/18 patients (61 %) or was stable in 4/18 patients (22 %). At last
follow-up, for 12/17 patients (71 %) the KPS remained the same or had
improved compared to the time of halo frame removal (Table 2). The
majority of patients self-reported either full ROM or minor limitations in
ROM at last follow-up (Table 3 and Table Al in the appendix).

Adbverse events

Eleven out of twenty patients (55%) experienced adverse events
(Table 4). One patient suffered from an intestinal perforation and
pneumonia during systemic treatment for multiple myeloma. Another
patient experienced a bilateral pneumonia and a urinary tract infection
for which intensive care unit admittance was needed. Additionally, one

Fig. 4. Sagittal reconstruction of CT scan of the cervicothoracic junction of
Patient 1, showing evidence of reossification on multiple levels and near normal
alignment 16 months after start of treatment.

Table 3
Neck motion at last follow up.

Neck motion at last follow up, N (%)

Full range of motion 6 (30 %)
Minor limitation in range of motion 8 (40 %)
Major limitation in range of motion 105 %)
Not assessable due to premature removal 4 (20 %)
Not reported 105%)

Table 4
Adverse events during treatment with halo fixation and radiotherapy.

Related to treatment Removal of a halo pin due to metastasis
Loosening of a halo pin

Temporary dysphagia after radiotherapy
Pneumonia

Intestinal perforation

Urinary tract infection
Urosepsis/Neoplastic fever

Perforated diverticulitis

Early removal due to rapidly progressive disease
Hepatitis and benign paroxysmal positional
vertigo

Possibly related to treatment
Unrelated to treatment
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patient presented with urosepsis and developed neoplastic fever after
which the halo frame was removed early. One patient presented with
urinary retention. Hepatitis and benign paroxysmal positional vertigo
was diagnosed in one patient after starting immunotherapy. Another
patient died 43 days after start of halo fixation due to perforated
diverticulitis.

In three patients complications occurred directly related to the
application of the halo frame or radiotherapy. In one patient a pin of the
halo ring had to be removed due to a nearby metastasis in the skull and
another patient experienced loosening of the pins at the end of the
treatment period. Lastly, one patient experienced temporary dysphagia
after radiation therapy.

Patient experience

Patients described the application of the halo fixation as hard and
difficult, especially when tightening the skull pins. However, the ma-
jority of patients characterized the treatment, afterwards, as an overall
acceptable experience because they appreciated the rapid decline in
mechanical neck pain and long term preserved range of motion after
halo removal.

Discussion

For patients with multiple unstable cervical spinal metastases, long-
construct spondylodesis is the standard of care [15,16] which results in
immediate mechanical stability but also in a substantially reduced range
motion of the neck in the long term. Our study shows that temporary
halo fixation and radiotherapy is an alternative for long-construct spinal
fixation by immediately relieving mechanical pain without compro-
mising range of motion substantially in the long term. The majority of
patients were free of neck pain or had substantial pain reduction during/
after halo frame removal with sustained favorable outcomes at longer
follow-up. In addition, new neurological deficits did not develop and the
majority of patients showed some or substantial reossification of the
cervical spine after treatment. Another possible advantage of this
treatment combination is that radiotherapy can be initiated quickly after
halo frame application and is not delayed due to wound healing after
surgery, subsequently systemic therapy can also be initiated earlier.

Previous studies have reported on reossification and increased bone
density after palliative radiotherapy for bone metastases [8,9,17,18].
The occurrence of reossification after radiotherapy allows for this novel
treatment combination, since halo fixation provides immediate stability
and correction of posture, giving the cervical/cervicothoracic spinal
column the opportunity to re-ossify after radiotherapy in an optimized
anatomical position. Hyper fractionation is hypothesized to induce
reossification (especially in breast cancer patients) by inducing
destruction of tumor cells, while osteoclasts and osteoblasts remain after
radiation and the bone turnover will return (close) to normal. However,
previous research yielded conflicting results. Two small RCTs compared
single fraction radiotherapy with multiple fraction radiotherapy and
showed significantly higher remineralization in the multiple fraction-
ation group [19,20]. In a previous study at our hospital we found a
higher degree of remineralization in patients who received more than 5
fractions compared to patients who received 1-5 fractions, although this
difference was not statistically significant [9]. Other studies did not find
a significant difference in remineralization between short course and
long course radiotherapy [21,22]. In addition, it is hypothesized that
administration of bone-modifying agents (further) improve reossifica-
tion [8,9,17,23,24], but more research on remineralization after radio-
therapy in combination with bone-modifying agents is needed to clearly
demonstrate this.

To the best of our knowledge, this is the first study reporting on
clinical outcomes after halo fixation and radiotherapy. Literature on the
outcomes after surgery for cervical spinal metastases is relatively scarce.
In an international, multicenter, prospective observational study (the
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EPOSO cohort) initiated by the AO Spine Knowledge Forum Tumor, 38
patients with cervical metastases underwent surgical intervention [25].
The majority of patients had a posterior surgical approach, and 44% of
patients received adjuvant radiotherapy. In this group, there were sta-
tistically significant improvements in pain (mean NRS) compared with
baseline at 6 weeks, 3 and 6 months (7.4 vs 4.5, 4.7 and 4.5, respec-
tively) after surgery. Postoperative adverse events, including thrombo-
embolic events, wound complications, infections and neurologic
deterioration, occurred in 17 out of 38 patients (45%). In four patients
(11%) intraoperative events occurred, including occurrence of a dural
tear, implant-related complication and massive blood loss. In a retro-
spective study of a prospective database including patients with spinal
metastases, 47 patients with cervical spinal metastases received surgical
decompression, tumor resection, and spinal fixation [26]. The majority
had a posterior surgical approach. Postoperatively, 89% experienced
pain relief. In 10 patients, adverse events occurred (4% infections, 12%
medical complications, and 4% surgical complications). In a small pro-
spective cohort [27], 26 patients with metastases of the cervical or
cervicothoracic spine underwent palliative decompression and stabili-
zation surgery via an anterior (18 patients), posterior (7 patients) or
combined approach (1 patient). The average pain VAS score decreased
from 6.9 preoperatively to 1.5 postoperatively and improvement in pain
was maintained at all subsequent follow-up appointments up to 1 year.
There were no wound healing problems or infections reported. One
patient became paraplegic and died on the 8th postoperative day.

With a mean age of 57 year, a mean SINS score of 13, and 90% of
patients experiencing mechanical neckpain at baseline, the patients
from the EPOSO study [25] are broadly comparable to our cohort. Also,
the patients from the study of Truong et al. [26] (mean age 60 year) and
from the study of Quan et al. [27] (mean age 63 year, mean KPS of 66,
and mean VAS pain score of 6.9) are comparable. With caution, the
outcomes of our approach of halo fixation combined with radiotherapy
appear no worse compared to long-construct surgical fixation, with the
advantage of the relatively preserved range of motion. Of note, the pa-
tients in the aforementioned cohorts had higher ASIA impairment
scores, indicating more neurological symptoms at baseline. For patients
with clinically relevant neurological impairment (i.e. ASIA impairment
score of C or worse) the halo fixation approach is not suitable, as this
condition requires surgical decompression.

Our initial experiences indicate that the proposed treatment might be
best suited to younger patients and/or patients with metastases origi-
nating from radiosensitive tumors (without serious neurological defi-
cits). However, older patients and patients with rather radioresistant
metastases (vaginal cancer, urothelial carcinoma and chol-
angiocarcinoma) also reported a median pain score of 0 at halo frame
removal with signs of reossification in the majority of patients. This
treatment combination may be especially suited for patients with mul-
tiple cervical spinal metastases as long-construct spinal fixations could
be avoided.

This study has some limitations. Since the retrospective nature of the
study, we do not know how many patients would have been eligible for
halo fixation and radiotherapy, but were not referred to the combined
radiotherapy/orthopedic surgery outpatient clinic. This might have
introduced some selection bias.

Also due to the retrospective nature of this study we did not pro-
spectively collect information on clinical outcomes leading to some
missing values. For example, although we retrieved the majority of pain
scores from the medical records, the use of concomitant pain medication
was not always documented at the same time points. Pain progression
could have been masked if the pain medication was increased simulta-
neously. However, patients in this cohort generally experienced me-
chanical pain, because they were selected based on the presence of
spinal metastases requiring stabilization. It is often difficult to treat
mechanical pain adequately with pain medication. The application of a
halo frame (rapidly) relieves a large component of the mechanical pain
of patients with unstable cervical metastasis, which is consequently the
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most important analgetic treatment. Therefore we believe that missing
data on analgetic treatment will not have affected our study largely.

The relatively preserved range of motion in the neck is the main
advantage of the combined halo fixation and radiotherapy treatment
compared to long-construct spinal fixation. Minor or no limitations in
range of motion were expressed by the majority of our included patients
following halo frame removal and at last follow up. To our knowledge,
articles reporting outcomes after surgery for multiple unstable cervical
metastases do not report on motion of the neck post-surgery. In this
study, we report qualitatively on the range of neck motion, as collected
from the medical records or reported by patients at last follow up (by
phone). Due to the retrospective nature of our study we could, however,
not perform a systematic assessment with metrics, or use a validated
questionnaire at time of treatment. We expect patients treated with the
combined halo fixation and radiotherapy treatment to have a larger
quantitative range of motion compared to patients treated with a long
construct spinal fixation.

Conclusions

In conclusion, in patients with multiple unstable cervical/cervico-
thoracic metastases, complete pain response or substantial pain reduc-
tion, reossification and a preserved range of motion was observed after
treatment with temporary halo fixation and radiotherapy. In selected
patients without serious neurological deficits, this approach might be a
reasonable alternative to long-construct spinal fixation. Halo fixation
combined with radiotherapy for patients with unstable cervical metas-
tases needs to be evaluated prospectively with regards to pain, me-
chanical stability, neurological status, reossification and complications,
before it can be routinely applied.

Appendix

Table Al
Neck motion as described in the medical records.
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Patient consent statement

Some patients were participant of a prospective cohort of patients
with bone metastases (Prospective Evaluation of interventional StudiEs
on boNe meTastases (PRESENT) (13-261/C)(10) and we used cohort
data for the current study. Patients who were not included in the PRE-
SENT cohort and were alive at the time of data analysis, were contacted
by their treating physician to obtain informed consent for use of their
baseline demographics, treatment characteristics, and clinical follow-up
data. As this study was retrospective, it did not fall under the scope of the
Dutch Medical Research Involving Human Subjects Act (WMO) and was
therefore waived from study approval by an accredited medical ethics
committee. An independent quality check was carried out to ensure
compliance with legislation and regulations (regarding Informed Con-
sent procedure, data management, privacy aspects and legal aspects).
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Case Neck motion Information from the medical records Follow up time

number (months)

1 Minor limitation in range of Painless, full range of motion except for neck extension. 57
motion

2 Full range of motion Range of motion of cervical spine almost 100%. 31

3 Full range of motion Range of motion of cervical spine almost 100%. Some stiffness of the neck. 48

4 Not reported Not reported due to progression of systemic disease. NA

5 Minor limitation in range of Limited range of motion, in particular for neck extension and rotations. 42
motion

6 Full range of motion Full rotations possible in the neck. 6

7 Minor limitation in range of Limited range of motion due to general neck stiffness. 11
motion

8 Minor limitation in range of Limited range of motion in rotations and extensions of the neck. 47
motion

9 Early removal Early removal due to rapid progression of disease. NA

10 Full range of motion No complaints in neck movement. 8

11 Minor limitation in range of Limited range of motion in neck extension. 31
motion

12 Major limitation in range of Limited range of motion due to pain during movement. (this patient received spondylodesis 27
motion surgery)

13 Early removal Early removal due to rapid progression of disease. NA

14 Full range of motion Full range of motion of the neck. 78

15 Early removal Patient died 43 days after halo fixation due to perforated diverticulitis. NA

16 Minor limitation in range of Range of motion somewhat limited in rotations. 115
motion

17 Minor limitation in range of Hesitant to move beyond current limited range of motion. 17
motion

18 Minor limitation in range of Limited mobility of the neck during daily activies, for example navigating traffic. 20
motion

19 Full range of motion Range of motion of cervical spine almost 100%. 8

20 Early removal Early removal due to rapid progression of disease. NA
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