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Abstract

Background
Cervical spine metastasis worsens the quality of life (QOL) of patients with cancer. While the bene�cial effects of surgery have been reported, the detailed
course of functional recovery remains unclear, especially in the acute phase of rehabilitation. We previously reported on impairment-driven rehabilitation in
patients with thoracic or lumbar level metastases. The present study assessed the effects of an impairment-driven strategy on the early recovery of
ambulatory function in patients with cervical spine metastasis.

Methods
We retrospectively reviewed 13 consecutive patients with cervical neoplastic spinal compression. The patients were those whose primary impairment with
spinal instability identi�ed by a multidisciplinary tumor board who underwent palliative spine surgery. In addition, we examined neurological de�cits;
ambulation status; pathological fracture, collapse, and postoperative implant failure progress; and Barthel Index (BI).

Results
The average duration of ambulation was 3.75 ± 3.92 days after surgery. One case showed collapse and two showed progressions of paralysis. However, all
patients had early ambulation after surgery, except for one patient who developed postoperative cerebral infarction. The BI scores showed an improving
tendency; however, the difference before and after rehabilitation was not statistically signi�cant.

Conclusions
We reviewed the recovery course of ambulation in patients with cervical spine metastases who underwent impairment-driven rehabilitation. Combined with
surgery and early mobilization, this strategy may improve the QOL of patients with cancer and cervical spine metastasis.

Background
Cancer patients with bone metastases often have multiple impairments due to the primary lesions, as well as metastatic lesions and cancer treatment
itself [1]. Owing to the long periods associated with cancer treatment, most survivors do not return to their previous state of well-being [2, 3]. These
impairments contribute to a decreased quality of life (QOL), resulting in disability [4]. Many groups have reported that cancer rehabilitation improves
physical and cognitive impairments, social participation, and QOL at every stage of the treatment courses for various cancer types [5–11].

Spinal metastases are a skeletal-related oncological condition at an advanced stage that causes pain or neurological disorders [12]. They directly affect
the activities of daily living (ADL) and QOL, and also shorten patient life expectancy due to various complications. The treatment methods for spinal
metastases include chemotherapy, radiation therapy, and surgical treatment [13]. For patients at this stage, the functional prognosis is as important as life
expectancy [14, 15]. Surgical treatment can be a good alternative for patients with particular impairment types [16]. After surgery, immediate rehabilitation
is essential as long rest periods may result in a poor prognosis [13]. Thus, early ambulation is as crucial as early surgery. Therefore, these should be
considered indivisible treatments.

We recently reported impaired cancer rehabilitation in patients with neoplastic spinal cord compression at the thoracic and lumbar levels after palliative
surgery [16]. In 2013, Silver et al. proposed impairment-driven cancer rehabilitation [1]. They emphasized the importance of identifying physical
impairments as the interactions among multiple physical impairments frequently drive disability. Furthermore, the authors stressed that an important
component of the rehabilitation care continuum should be offered to survivors only after their impairments have been identi�ed, treated optimally, and
safety precautions and contraindications have been identi�ed and documented [1]. Based on these �ndings, we believe that the identi�cation of
impairments is of utmost importance in patients with neoplastic spinal compression. In patients with a primary impairment of skeletal instability, spine-
�xation surgery allows them to undergo early ambulation training during rehabilitation [16].

The present study focused on the ambulation status of patients with cervical metastasis. While cervical metastasis differs from the other spinal locations
because of its higher level of neurological responsibility [17], we believe that the same strategy of impairment-driven rehabilitation could result in good
functional recovery. Some groups have reported improved physical function in patients with cervical spine metastasis after palliative surgery [14, 15].
However, the details of functional recovery during rehabilitation are unclear, especially in the acute phase. The prediction of the status of daily recovery
would help establish a protocol for training in the acute phase. We retrospectively investigated 13 patients who underwent palliative surgery with
immediate rehabilitation after identi�cation of impairments. We investigated their courses of ambulation recovery during training while considering
neurological disorders, pathological fractures, vertebral body collapse, and postoperative complications.

Methods
We retrospectively reviewed the data of 13 consecutive patients with neoplastic spinal compression who underwent palliative cervical surgery for spinal
metastases and who also received immediate rehabilitation after surgery. Before the surgery, the impairment status was evaluated based on spine-speci�c
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and other factors, as previously reported [16]. We also examined neurological de�cits, ambulation status, progression of pathological fracture, collapse,
postoperative implant failure, and Barthel Index (BI) [18].

Patients
This retrospective study was conducted at Nara Medical University Hospital. The study protocol was approved by the hospital institutional review board.
The study was conducted in accordance with the principles of the Declaration of Helsinki and the laws and regulations of Japan. A consecutive cohort of
13 patients with neoplastic spinal cord compression from 2010 to 2018 who met the surgical indications described below was enrolled. The treatment
strategies for all patients were assessed by the multidisciplinary tumor board (MDTB) of our hospital. The inclusion criterion was palliative cervical surgery
for cervical metastasis during the study period. The follow-up periods averaged 593 ± 643days (range, 60–1872 days).

Multidisciplinary tumor board for skeletal metastasis
An MDTB for the assessment of skeletal metastasis at Nara Medical University Hospital was established in 2010. Since then, the disability/impairment
status of each patient has been evaluated. Moreover, treatment plans for approximately 100 patients are evaluated annually. The monthly board meetings
are attended by physicians, medical oncologists, radiation oncologists, diagnostic radiologists, physiatrists, orthopedic oncologists, spine surgeons,
advanced practitioners, oncological nurses, and clinical support staff. In addition to regular monthly board meetings, web discussions were held for
emergency cases selected based on the electronic medical record system of the hospital. The cases eligible for presentation included new or existing
outpatients or inpatients with skeletal metastasis. The multidisciplinary tumor board supported the coordination, communication, and decision-making
among team members. Based on these board discussions, all patients immediately received intensive and regular adjuvant treatments, including radiation
therapy, chemotherapy, palliative care, and rehabilitation.

Surgical indications for palliative cervical surgery
The surgical indications for palliative cervical surgery were comprehensively assessed by the MDTB for skeletal metastasis, based on the following clinical
�ndings:

1. Spinal instability.
2. Radiological spinal compression.
3. Prognosis.
4. Feasibility of the stabilization surgery (presence of multiple spinal lesions).
5. Presence of pain or neurological de�cits.

We evaluated spinal instability using the spinal instability neoplastic scale (SINS) score [19]. The SINS is generated by tallying each score from the six
individual components (location, pain, bone lesion quality, spinal alignment, vertebral body collapse, and posterolateral involvement of the spinal
elements). It SINS showed excellent inter-and intra-observer reliabilities in determining three clinically relevant categories of stability [19]. A score ≥ 7 was
classi�ed as potentially unstable or unstable. A 6-point epidural spinal cord compression (ESCC) grading scale was also used [20]. This magnetic
resonance (MR) imaging-based grading scale is based on the degree of impingement of the cerebrospinal �uid (CSF) space. The inter-and intra-observer
reliabilities were reported to range from good to excellent [20]. After grading, the neurological �ndings were evaluated. Regarding prognosis, we referred to
the Revised Tokuhashi [21] and new Katagiri [22] scores. Patients with an estimated life expectancy of ≥ 3 months were assessed for surgery. Palliative
cervical surgery mainly involved posterior �xation. Patients with multiple spinal lesions expanding the vertebra of the planned �xation level were deemed
unsuitable for surgery. In addition to �xation, posterior decompression was also performed in tumors occupying only the posterior epidural space and
which were not considered hemorrhagic based on radiological and pathological �ndings.

Rehabilitation
Rehabilitation was started 1 day after the surgery and involved tasks such as sitting, standing, and walking, similar to rehabilitation programs performed
after general (non-oncological) spine surgeries.

Outcome evaluations
All patients were hospitalized for surgery. Preoperative measurements were taken at admission, while postoperative measurements were performed at
discharge by medical doctors in the Department of Rehabilitation Medicine. The primary outcome evaluations were the BI, neurological de�cits using the
Frankel Scale (A–E) [23], duration to start ambulation exercises, and overall survival.

The Frankel Scale
The Frankel Scale classi�es the extent of the neurological/functional de�cits into �ve grades. Frankel grade A patients show complete motor and sensory
lesions, while Grade B patients had sensory-only function below the level of injury. Grade C patients showed some degree of motor and sensory function;
however, they lacked retained/recovered motor function. Grade D patients had proper but abnormal motor function below the level of injury. Furthermore,
grade E patients showed complete motor and sensory recovery [23].

Duration to the start of ambulation exercises
The duration (days) to the start of ambulation exercise after surgery was obtained from the medical records. We de�ned the level of mobility achieved
during rehabilitation from levels 1 to 5, as described by Kim et al., with some modi�cations (Table 1) [24].
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Table 1
Maximum levels of mobility during hospitalization

Level 1 Therapeutic (in-bed) exercises  

Level 2 Bed mobility (supine-to-sit)  

Level 3 Transfer training (sit-to-stand/bed-to-chair)

Level 4 Gait training (walk with assistance)  

Level 5 Gait training (walk independently)  

BI
The BI is one of the most widely used rating scales to measure activity limitations in patients with neuromuscular and musculoskeletal conditions [18]. The
BI consists of 10 items that measure a person’s daily functioning, including feeding, bathing, grooming, dressing, toilet use, transfers, mobility, and stair use
[18]. Previous studies reported high marks for reliability and validity ratings in various reports on the BI [25–27].

Statistical analysis
Statistical analysis was performed using JMP14.0 (SAS Institute, Cary, NC, USA) and G * Power software 3.1 (University of Dusseldorf). Statistical
signi�cance was set at p < 0.05. As the data using the Shapiro-Wilk test were nonparametric, Wilcoxon signed-rank tests were used to assess the
differences in BI scores before and after the rehabilitation intervention.

Results

Patient characteristics
Table 2 shows the patient characteristics. The patients included nine men and four women with a mean age at surgery of 65.5 years (range, 38–84 years).
The primary lesions were located in the kidney in two patients (15.4%), colon in 2 patients (15.4%), breast in 2 patients (15.4%), prostate in 1 patient (7.7%),
stomach in 1 patient (7.7%), thyroid in 1 patient (7.7%), tongue in 1 patient (7.7%), parotid in 1 patient (7.7%), bladder in 1 patient (7.7%), and schwannoma
in 1 patient (7.7%). Frankel's classi�cation of preoperative paralysis was B in 1 patient (7.7%), C in 3 patients (23.1%), D in 5 patients (38.5%), and E in 4
patients (30.8%). The degree of cord compression assessed with the ESCC grading scale included 7.7% for grade 1b, 23.1% for grade 1c, 15.4% for grade 2,
and 53.8% for grade 3.
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Table 2
Patient Characteristics (n = 13)

Valuable Value

Sex  

Male 9

Female 4

Age (mean ± SD), years 65.5 ± 13.1

Primary tumor  

Kidney 2

Colon 2

Breast 2

Prostate 1

Stomach 1

Thyroid 1

Tongue 1

Parotid 1

Bladder 1

Schwannoma 1

Frankel classi�cation (pre-operative)

A 0

B 1

C 3

D 5

E 4

ESCC grade  

1a 0

1b 1

1c 3

2 2

3 7

Table 3. Clinicopathological data and functional prognosis including �rst ambulation (days) after surgery
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Patient

no.

Tumor
progression

classi�ed
by Katagiri
et al.

ESCC

grade

SINs Frankel
classi�cation

Preoperative
Postoperative

Pathology
level

Instrumantation
level

BI
Preoperative
Postoperative

First
ambulation
training

(days after
surgery)

Implant

failure

Collapse RT

1 Slow 3 8 C/D C5-T1 C3-T3 10/55 4 - - +

2 Moderate 3 8 C/C C7.T1 C3-T4 5/10 15 - - +

3 Moderate 2 12 D/D C5.6 C4-T2 50/95 3 - - +

4 Rapid 1b 8 D/D C5,T1-3 C3-T4 0/80 2 - - +

5 Slow 1c 11 E/E C2.3 C2-5 100/100 3 - - +

6 Rapid 1c 14 D/D C4.5 C3-6 100/100 1 - - +

7 Rapid 3 10 D/D C6.7 C3-T2 10/40 1 - - +

8 Moderate 2 9 E/E C7,T5 C4-T2 85/100 1 + - +

9 Moderate 3 7 C/B C4,T11 C2-7 10/30 6 - + +

10 Rapid 1c 15 D/D C6 C3-T1 100/100 1 - - +

11 Slow 3 9 E/E C6 C3-T1 90/95 1 - - +

12 Rapid 3 17 B/C C6 C2-T1 0/50 7 - - -

13 Rapid 3 13 E/B* T7 C3-T3 5/0 NE* - - -

* Patient 13 could not receive the training due to worsening of general condition caused by a cerebral infarction.    

Duration to ambulation and functional prognosis after surgery
Table 3 shows the clinicopathological data and functional prognoses, including days to ambulation recovery. Although the spinal cord was highly
compressed in almost 70% of patients (15.4% of patients had ESCC grade 2 and 53.8% of patients had grade 3), the mean duration of ambulation was
3.75 ± 3.92 days (range, 1–15 days). One patient could not receive ambulation training owing to a worsening of their general condition caused by cerebral
infarction. We also observed one case each of implant failure and vertebral collapse after surgery. The comparison of BI scores before and after surgery
showed improvements in nine cases, maintenance in three cases, and worsened status in one.

Neurological recovery on the Frankel scale
Table 4 shows the neurological recovery in terms of the Frankel scale. Neurological de�ciency improved or was maintained in 84.6% of patients and
worsened in 15.4% of patients.

 
Table 4

Neurological recovery according to the Frankel scale
Frankel

classi�cation

Number of cases

before surgery

Number of cases after sugery

    A B C D E

A 0 0 0 0 0 0

B 1 0 0 1 0 0

C 3 0 1 1 1 0

D 5 0 0 0 5 0

E 4 0 1 0 0 3

The ambulation status
Figure 1 shows the course of early mobilization after surgery. Most patients achieved progress in ambulation during the early phase. All patients reached
level 3 within 15 days after surgery, except for one patient who developed postoperative cerebral infarction.

Changes in Barthel Index (BI) before and after surgery
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Figure 2 shows the changes in BI scores after surgery. We found no signi�cant differences in BI score between before and after surgery in the present
study.

Discussion
Crevenna et al. reported the importance of rehabilitation with competencies in diagnostic, therapy, and coordination of multi-professional and
interdisciplinary rehabilitation teams [9]. They also stressed that cancer rehabilitation must be integrated early into the cancer care continuum [9, 10]. Thus,
a multidisciplinary team approach is now advocated as the standard of care for patients with cancer [9–11, 28].

Several studies have reported the effectiveness of surgical treatment with the importance of ambulatory ability in patients with metastatic spinal cord
compression. Arrigo et al. reported that preoperative ambulatory status was a signi�cant predictor of survival [29]. Hirabayashi et al. reported that
postoperative ambulation was associated with extended survival [13]. We reported a good functional prognosis in patients achieving ambulation within 7
days after surgery [16]. Most recently, in a narrative review conducted by searching MEDLINE and the Cochrane Database of Systematic Reviews, Lawton
et al. reported that the prompt diagnosis and treatment of metastatic spinal cord compression could reduce pain and functional loss [30]. Considering the
irreversible mechanism of spinal cord injury, the immediate identi�cation of impairments is of utmost importance for starting rehabilitation. As we stressed,
surgery and rehabilitation are indivisible treatments under an impairment-driven strategy. Early exercise preserves ambulation ability and supports patient
QOL. Furthermore, increased levels of physical activity may prevent patients from experiencing critical events, including cardiac or infectious diseases [31].
MDTB also plays an essential role in the identi�cation of impairment.

Based on Frankel grade evaluation, Younsi et al. investigated the impact of palliative surgery in 101 patients, reporting an improved grade in 61% of
patients and that 51% of all non-ambulatory patients (Frankel Grade A–C) regained ambulation [32]. In the present study, 11 of 13 cases (84.6%) showed
improved or maintained Frankel grade, while the remaining 2 cases (15.4%). showed worsening. Among these, one patient required reoperation and another
developed cerebral infarction after surgery. Although the spinal cord was highly compressed in almost 70% of patients, the mean duration to ambulation
was 3.75 ± 3.92 days except for one case who developed postoperative cerebral infarction. These results suggested the feasibility of our impairment-driven
strategy. The mean duration of ambulation was 1.63 days in preoperative cases with Frankel grade D or E. Among these cases, �ve patients could
ambulate on postoperative day 1, with four of them walking with assistance on the same day. In addition, patients who developed postoperative cerebral
infarction and took 15 days to mobilize did not achieve ambulation. Thus, although it depends on the preoperative neurological status, the onset of early
mobilization exercise may re�ect the �nal ADL.

Although the number of cases was small, we believe that the data shown in Fig. 1 regarding the postoperative course of early mobilization provide hope for
patients and medical staff confronting these impairments owing to cervical metastases. Furthermore, the data show the daily recovery of patients in
ambulation with precise identi�cation of impairments. Thus, we believe that the data will inform the establishment of a training protocol for rehabilitation,
which has not been previously reported.

Conclusion
Cervical spine metastasis differs from metastasis of other spinal locations because of its higher neurological level. Therefore, the immediate identi�cation
of impairments is of utmost importance in supporting patient QOL, resulting in prolonged survival. In addition, our data on early ambulation training in
patients undergoing palliative spine surgery may be useful for establishing a training protocol for impairment-driven rehabilitation.
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Figures

Figure 1
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Postoperative course of early mobilization

Figure 2

Changes in Barthel Index scores after surgery in patients classi�ed according to clinical prognosis.


