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BACKGROUND AND PURPOSE    
Cervical total disc replacement (CTDR) was developed to decompress nervous structures, 
preserve spinal biomechanics, and reduce postoperative complications such as nonunion 
or fracture. There is no published literature regarding the optimal content, timing and 
duration of postoperative physical therapy (PT) for CTDR. Therefore, the purpose of this 
case report is to describe the postoperative PT management and one-year outcomes of a 
subject with CTDR as it relates to pain, function and quality of life. 

CASE DESCRIPTION   
A 37-year-old male and Brazilian Jiu Jitsu athlete with cervical radiculopathy underwent a 
C5-C6 and C6-C7 discectomy with CTDR. The subject attended PT for 14 sessions across 
16 weeks. Interventions included manual therapy (soft tissue and joint mobilization), 
therapeutic exercise targeting cervical spine, thoracic spine and upper extremity mobility 
and strength, and weightlifting body mechanics education. Radiographic confirmation of 
prosthesis placement and healing was monitored at postoperative weeks six and 12. The 
PT program was designed and progressed according to tissue healing timelines, subject 
response, clinical reasoning, and sport-specific demands. 

OUTCOMES  
Improvements were noted with Neck Disability Index (14% to 0%), Patient Specific 
Functional Scale (3.4/10 to 10/10), Short Form-12 Physical Score (+5.4) and Mental Score 
(+25.7), and Numeric Pain Rating Scale (2/10 to 0/10). Cervical active range of motion (in 
degrees) improved in all motions, and deep neck flexor endurance from 5-35 seconds. 

DISCUSSION  
A multimodal PT program following CTDR based on tissue healing timelines and clinical 
reasoning improved pain, function and quality of life up to one year postoperatively 
without adverse effects in this athlete. 

LEVEL OF EVIDENCE    
4 

INTRODUCTION 

Cervical radiculopathy is characterized by the compression 
or irritation of a spinal nerve root, often due to disc herni

ations, intraneural edema, arthritic bone spurs, spondylo
sis or degenerative disc disease and can lead to significant 
neck and/or arm pain and disability.1,2 It is a commonly en
countered condition with an estimated annual incidence of 
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107.3 per 100,000 for men and 63.5 per 100,000 for women.3 

Conservative management involves physical therapy (PT), 
oral medications, and epidural steroid injections, however, 
if symptoms do not improve or there is progressive neu
rological deficit, surgery is often the next recommended 
treatment choice.4‑8 Anterior cervical discectomy and fu
sion (ACDF) has been shown to be effective for symptom re
lief of cervical radiculopathy; however, there is concern for 
loss of cervical range of motion (ROM) and adjacent seg
ment disease (ASD).2,4‑8 To address this limitation, cervical 
total disc replacement (CTDR) was developed to similarly 
decompress nervous structures while promoting normal 
spinal biomechanics and reducing postoperative complica
tions such as ASD, pseudarthrosis, or fracture.2,4,6,9 Since 
initial approval for use by the Food and Drug Administra
tion (FDA) in 2007, CTDR has demonstrated noninferior
ity to ACDF and has become a popular treatment option 
by spine surgeons.10 Despite the increased use of CTDR 
in the management of cervical radiculopathy, there is no 
published literature regarding postoperative management, 
specifically the optimal content, timing and duration of 
postoperative PT for CTDR.10‑18 Therefore, the purpose of 
this case report is to describe the postoperative PT man
agement and one-year outcomes of a Brazilian Jiu Jitsu (BJJ) 
athlete after CTDR as it relates to pain, function, return to 
play, and quality of life. 

CASE DESCRIPTION 

A 37-year-old male BJJ athlete developed left sided neck, 
shoulder and arm pain following a deadlifting injury five 
months prior. Initial management included physical ther
apy at an outside institution which yielded mild symptom 
improvement. One month later, the subject returned to 
BJJ, however, symptoms recurred more severely, and phys
ical therapy interventions were no longer effective. Due to 
increased pain with limited symptom control, the subject 
sought consultation from an orthopedic spine surgeon. 
Magnetic resonance imaging (MRI) was performed noting 
C5-C6 herniated nucleus pulposus, with C5-C6, and C6-C7 
cervical spondylitic radiculopathy (Figures 1-3). The sub
ject was provided a tapered methylprednisolone pack for 
pain control and recommended to undergo C5-C6 and 
C6-C7 discectomy with Mobi-CTDR. Prior to surgery, the 
subject wanted to establish care with a spine physical ther
apist and underwent a preoperative physical therapy initial 
consultation. 

PREOPERATIVE PHYSICAL THERAPY 

INITIAL CONSULTATION 

The subject presented to outpatient physical therapy with 
complaints of pain located on the left-sided cervical spine 
with left upper extremity weakness and paresthesia noted 
in the anterolateral shoulder. The subject presented with 
2/10 neck and arm pain which ranged from 0/10 to 10/10 
Numeric Pain Rating Scale (NPRS) intermittently with ag
gravating movements. Aggravating factors included cervi

Figure 1. T2 Sagittal Cervical Spine MRI without       
contrast demonstrating C5-C6 and C6-C7 disc       
herniations – 10/5/22, preoperative     

Figure 2. T2 Axial Cervical Spine C5-6 MRI without        
contrast demonstrating C5-C6 disc herniation with       
left-sided neural foraminal stenosis - 10/5/22,       
preoperative  

cal extension and rotation to the left with local pain and 
reproduction of paresthesia in left arm. Relieving factors 
included neutral spine posture and cervical flexion. The 
subject reported no stiffness or pain in the mornings, in
termittently worse with activity, and pain at night that 
was relieved with position change during sleep. He denied 
right upper extremity paresthesia or weakness, bilateral 

Postoperative Physical Therapy for Cervical Total Disc Replacement: A Case Report

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/137694-postoperative-physical-therapy-for-cervical-total-disc-replacement-a-case-report/attachment/281975.png
https://ijspt.scholasticahq.com/article/137694-postoperative-physical-therapy-for-cervical-total-disc-replacement-a-case-report/attachment/281976.png


Figure 3. T2 Axial C6-C7 MRI without contrast       
demonstrating C6-C7 disc herniation with left-sided       
neural foraminal stenosis - 10/5/22, preoperative       

lower extremity symptoms, bowel/bladder dysfunction, gait 
instability, fine motor hand coordination changes, fevers, 
chills, night sweats, nausea, vomiting, or personal history 
of cancer. Past medical and surgical history included right 
anterior cruciate ligament reconstruction, depression, anx
iety, and bipolar disorder. The subject denied previous cer
vical pain, injections or surgeries to the spine. Medications 
included ibuprofen, mirtazapine, levothyroxine, fluvoxam
ine, quetiapine. The subject’s goals were to return to a 
prior level of activity including unrestricted BJJ, bouldering, 
and weightlifting, which were all activities that he was un
able to participate in at the time. Physical examination 
included cardiopulmonary, integumentary, neurologic and 
musculoskeletal assessments (Table 1). Remarkable neu
rologic findings included left C6 myotome weakness, de
creased deep tendon reflex (DTR), and diminished der
matomal static mechanical cutaneous sensation. 
Remarkable musculoskeletal findings included local left-
sided neck pain and peripheralization to left upper extrem
ity (LUE) with cervical extension, left lateral flexion, and 
left rotation, and positive cervical extension quadrant and 
Spurling’s tests with reproduction of local left-sided neck 
pain and LUE peripheralization. 

OPERATIVE PROCEDURE 

Preoperative impression was reported as C5-C6, C6-C7 cer
vical spondylitic radiculopathy, and C5-C6 herniated nu
cleus pulposus. Patient underwent C5-C6, C6-C7 anterior 
cervical radical discectomy and central spinal cord decom
pression, bilateral foraminotomies, and placement of an ar
tificial disc replacement (Mobi-C), Orthofix M6 6x17x16 x2, 
utilizing microsurgical techniques. Fluoroscopy and multi
modal neuromonitoring were utilized for interpretation of 

the procedure. Incisions were performed through platysma, 
superior edge of omohyoid fascia, reflecting medially with 
the strap muscles, trachea and esophagus and lateralized 
the neurovascular bundle and sternocleidomastoid. Find
ings included multi-fragmented, large, extruded nucleus 
pulposus sitting in the left lateral gutter of nerve root and 
spinal cord, with advanced degenerative changes of the 
disc space noted. The incised C5-C6 disc reached back to 
the posterior longitudinal ligament which had been grossly 
compromised with large left paracentral disc extrusion 
causing high-grade thecal sac and neural foraminal com
pression. Multiple fragments were removed as part of the 
decompression at C5-C6 and C6-C7 levels. Orthofix M6 im
plants were placed under direct visualization and radi
ographic confirmation. The patient experienced no intraop
erative surgical or anesthetic complications. 

POSTOPERATIVE PHYSICAL THERAPY 

INITIAL CONSULTATION 

Two weeks following the C5-C6 and C6-C7 discectomy with 
Mobi-CTDR, the subject presented to postoperative phys
ical therapy with significant pain relief, however, he still 
demonstrated cervical active range of motion (AROM) 
deficits and neck and arm weakness which limited him from 
performing daily activities and participating in BJJ. At ini
tial consultation, he still had 2/10 neck pain, however, his 
arm pain was rated a 0/10. Aggravating factors included 
cervical lateral flexion bilaterally. Relieving factors in
cluded maintaining neutral head posture and supporting 
both arms in sitting. He denied right upper extremity pares
thesia or weakness, bilateral lower extremity symptoms, 
bowel/bladder dysfunction, gait instability, fine motor hand 
coordination changes, fevers, chills, night sweats, nausea, 
vomiting, dysphagia, dysarthria, chest pain, shortness of 
breath, resting or night pain, or edema into bilateral ex
tremities. The subject’s primary goal for recovery was to 
return to a prior level of function by participating in BJJ 
and weightlifting at the gym as soon as safely possible. 
Follow-up physical examination included cardiopulmonary, 
integumentary, neurologic and musculoskeletal assess
ments (Table 2). Integumentary screen revealed signs of 
well healing incisions non-tender to touch and without ery
thema, drainage, or foul odors present. Neurological ex
amination revealed unchanged left C6 myotome weakness, 
however, he demonstrated improvements compared to pre
operative status in light touch sensation in left C6 der
matomal pattern and DTR. Musculoskeletal examination 
revealed pain-free cervical extension and rotation, and with 
painful but improved cervical lateral flexion AROM bilater
ally. 

POSTOPERATIVE REHABILITATION 

The subject was seen in PT for 14 sessions spanning 16 
weeks. The initial evaluation session was one hour long and 
follow up sessions were 30 minutes in length. PT interven
tions included manual therapy (soft tissue and joint mo
bilization), therapeutic exercise (targeting cervical spine, 
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Table 1. Initial Evaluation Objective Exam     

Cardiopulmonary Radial / pedal pulses 2+ bilaterally 
Capillary refill < 2 seconds bilaterally 
Nails without clubbing or cyanosis 
Normal rate of breathing, appears well oxygenated without evidence of cyanosis. 
No reports of dizziness or orthostasis 

Integumentary No lesions, ulcers, rash, or significant hair loss/growth visible 

Neurological Myotomes: C5, C7-T1, L2-S1 intact 5/5 bilaterally; 4/5 C6 LUE 
Dermatomes: C5-T1, L2-S1 intact bilaterally; decreased C6 LUE 
Reflexes: 2+ C5-6, C7-8, L2-4, S1-2 bilaterally; 1+ C5-6 LUE 
Hoffman: negative bilaterally 
Babinski: negative bilaterally 
Clonus: negative bilaterally 

General 
Observation 

No visible swelling, atrophy, deformity, erythema, ecchymosis. Slight muscle atrophy on LUE compared to 
RUE bicep, with rounded shoulders bilaterally. 
Tenderness to palpation of left upper trapezius and 1st rib. 

Cervical Exam AROM 
Flexion: 60 deg, pain-free, no peripheralization 
Extension: 55 deg, local pain with peripheralization to LUE 
Lateral Flexion: 20 deg bilaterally, local pain with peripheralization to LUE 
Rotation: 60 deg bilaterally, local pain with peripheralization to LUE 

Special Tests 
Extension Quadrant: positive left with peripheralization to LUE 
Spurling’s: positive left with peripheralization to LUE 
Alar ligament: negative 
Sharp purser: negative 
Transverse ligament: negative 

Shoulder Exam AROM 
Flexion: WNL BUE, pain-free 
Abduction: WNL BUE, pain-free 
ER: WNL BUE, pain-free 
IR: WNL BUE, pain-free 

Joint Accessory 
Motion 

Hypomobile left 1st-rib mobilization 
Hypomobile C5-C7, and T1-T12 CPA; local pain, no peripheralization 

WNL = within normal limits, CPA = central posterior-anterior, BUE = bilateral upper extremity, LUE = left upper extremity 

thoracic spine and upper extremity to address mobility and 
strength), and weightlifting body mechanics education. Ra
diographic confirmation of prosthesis placement and heal
ing was monitored at postoperative weeks six and 12 (Fig
ures 4-5). 

The PT program was designed, progressed, and tailored 
to the individual according to patient related factors, surgi
cal related factors, and the available evidence for rehabili
tation after cervical spine surgery.1,6,8,11‑18 Patient-specific 
factors included past medical history, social history, body 
structure and function impairments, activity limitations, 
participation restrictions, personal goals and sport-specific 
demands. Surgical factors included the surgery date, multi-
level involvement, type of implant utilization, timeline of 
symptoms, bone, implant and soft tissue healing timelines, 
and postoperative cervical spinal restrictions.1,6,8,11‑19 In
tervention selection was influenced by limited evidence on 
PT postoperative management of cervical spine surgery and 
extrapolated from studies demonstrating safe and effective 
rehabilitation after other types of cervical spine surgery.1,6,

8,11‑18 

The program was separated into four phases based on 
tissue healing timelines: inflammatory, proliferative, re
modeling and maturation phases. Clinical and objective 

milestones were utilized as guides for the subject’s progres
sion through each phase (Appendix A). 

The goal of the inflammatory phase (Weeks 0-2) was to 
promote tissue healing, preserve the integrity of the oper
ation, aid in subject’s symptom control and prevent post
operative complications. While there are no established ev
idence-based postoperative restrictions after CTDR, the 
operating surgeon recommended the subject to wear a cer
vical soft collar 24 hours a day (except to shower) for the 
first week and to avoid driving on pain medication (nar
cotics), aggressive activities such as high-level exercise, 
swimming, sexual intercourse, and work activity (depend
ing on occupation) for two weeks after surgery. Further
more, the surgeon recommended no pushing/pulling/lift
ing/overhead reaching more than 25 lbs for the first six 
weeks to limit complications to the surgical site. AROM of 
the head was allowed in all planes of cervical motion with 
pain as a guide, however, he was advised to avoid aggressive 
extension as not to disrupt surgical wound healing on ante
rior cervical musculature. PT education and counseling was 
given regarding inflammation, infection and wound care 
management. The subject was also counseled on posture 
training and how to wean from the cervical collar to avoid 
exacerbation of symptoms. Therapeutic exercise included 
a graded aerobic exercise program consisting of walking 
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Table 2. Initial Postoperative Visit Objective Examination      

Cardiopulmonary Radial / pedal pulses 2+ bilaterally 
Capillary refill < 2 seconds bilaterally 
Nails without clubbing or cyanosis 
Normal rate of breathing, appears well oxygenated without evidence of cyanosis 
No reports of dizziness or orthostasis 

Integumentary Wound assessment: incisions well healing 
No pus, drainage, discharge, erythema along incisions, or foul odors present 
No edema around the incision site, nontender and soft to touch 
No lesions, ulcers, rash or significant hair loss/growth visible 

Neurological Myotomes: C5-T1, L2-S1 intact 5/5 bilaterally; 4/5 C6 LUE 
Dermatomes: C5-T1, L2-S1 intact bilaterally 
Reflexes: 2+ C5-6, C7-8, L2-4, S1-2 bilaterally 
Hoffman: negative 
Babinski: negative 
Clonus: negative 

General 
Observation 

No visible swelling, atrophy, deformity, erythema, ecchymosis. Slight muscle atrophy on LUE compared to 
RUE bicep, with rounded shoulders bilaterally. 
Tenderness to palpation of left upper trapezius and 1st rib. 

Cervical Exam AROM 
Flexion: 60 deg, pain-free, no peripheralization to LUE 
Extension: 55 deg, no peripheralization to LUE 
Lateral Flexion: 40 deg bilaterally, no peripheralization to LUE 
Rotation: 60 deg right, 65 deg left, no peripheralization to LUE 

Special Tests 
Extension Quadrant: NT 
Spurling’s: NT 
Alar ligament: NT 
Sharp purser: NT 
Transverse ligament: NT 

Shoulder Exam AROM 
Flexion: WNL BUE, pain-free 
Abduction: WNL BUE, pain-free 
ER: WNL BUE, pain-free 
IR: WNL BUE, pain-free 

Joint Accessory 
Motion 

Hypomobile left 1st-rib mobilization, no peripheralization 

WNL = within normal limits, CPA = central posterior-anterior, BUE = bilateral upper extremity, LUE = left upper extremity, NT = not tested 

at self-selected pace up to 30 minutes per day to increase 
cardiovascular health and avoid postoperative complica
tions such as venous thromboembolism. Manual therapy 
included gentle soft tissue mobilization (STM) to bilateral 
levator scapulae and upper trapezius musculature as well 
as scar tissue mobilization for pain relief and complaints of 
scar tension. Scar tissue mobilization was initiated 14 days 
postoperatively to allow for primary wound closure and was 
initiated only when there were no signs of infection, bleed
ing, wound dehiscence, graft failure or discomfort.20 No 
cervical spine ROM or strengthening was performed in this 
phase aside from activities of daily living (ADLs) due to im
plant-bone healing. 

The goal of the proliferative phase (Weeks 3-6) was to 
promote thoracic spine and shoulder flexibility, initiate 
thoracic spine and arm strengthening, and continue to aid 
in subject’s symptom control. Previous interventions were 
utilized as needed. Manual therapy consisted of STM, scar 
tissue mobilization and accessory joint mobilization. STM 
was performed to the upper trapezius and levator scapulae 
and the subject was instructed how to perform this at home 
using a Theracane (Theracane, Theracane®, Denver, CO) 
to aid in resolution of pain and tightness. Scar tissue mo

bilization was utilized as needed. Accessory joint mobi
lization consisted of non-thrust central posterior-anterior 
(CPA) mobilization to the thoracic spine (T1-12). Thera
peutic exercise consisted of shoulder mobility, thoracic mo
bility and thoracic spine and arm strengthening. Shoulder 
mobility was initiated in supine with active assisted range 
of motion (AAROM) in shoulder flexion, abduction, ER, IR 
and progressed as tolerated to standing AROM in all the 
same planes if there was no reproduction of pain or symp
toms in the arm. Thoracic mobility was achieved with pec
toralis stretching, active thoracic extension using a foam 
roll or chair/towel roll, active quadruped thoracic flexion/
extension (cat/cow) and sidelying thoracic rotation on the 
floor. Thoracic spine and arm strengthening were achieved 
with scapular retractions, mid trapezius and low trapezius 
rows using elastic resistance bands. No cervical spine ROM 
or strengthening was performed in this phase aside from 
ADLs due to implant-bone healing.19,21‑24 

The goal of the remodeling phase (Weeks 6-10) was to 
restore full cervical ROM and initiate and progress cervical, 
thoracic spine and shoulder muscle strength for general fit
ness and daily function. Previous interventions were uti
lized as needed. Cervical ROM and strengthening were ini
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Figure 4. Cervical Spine AP Radiograph demonstrating      
C5-C6, C6-C7 Mobi-C disc implant at 6 weeks         
postoperative without evidence of prosthesis      
malpositioning, displacement, subsidence or     
heterotopic ossification - 1/31/23     

Figure 5. Cervical spine lateral radiograph at 6 weeks        
postoperative without evidence of prosthesis      
malpositioning, displacement, subsidence or     
heterotopic ossification 1/31/23    

tiated when radiographs demonstrated no evidence of 
prosthesis malpositioning, displacement, subsidence or 

heterotopic ossification at six weeks.19,22‑24 Therapeutic 
exercise consisted of cervical muscle strengthening, tho
racic spine, shoulder, and arm strengthening. Initial cer
vical muscle strengthening was accomplished with deep 
cervical flexor (progressed supine to sitting) and extensor 
(progressed supine to quadruped) strengthening and cer
vical isometrics in all planes. Once these were performed 
without reproduction of pain or symptoms in neck or arm, 
strengthening was then progressed to incline and supine 
head lifts recruiting deep and superficial musculature as 
well as seated cervical isometrics using elastic resistance 
bands. If tolerated, cervical strengthening was advanced to 
use the Neckslevel (Neckslevel GlidePro NecksLevel, Inc. 
North Wales, PA) device at various angles, movements and 
intensities. Cervical ROM was accomplished in quadruped 
or flexion, extension and rotation bilaterally. Thoracic 
spine, shoulder and arm strengthening were accomplished 
with shoulder isometrics, resistance exercise using elastic 
resistance band for shoulder external rotation, internal ro
tation, and scapular plane abduction. Body weight exercises 
were incorporated with assisted pull-ups and push up pro
gression (progressed from wall to table to knees to feet). 
Manual therapy consisted of STM to upper trapezius and le
vator scapulae and non-thrust accessory joint mobilization 
consisting of CPA and left and right unilateral posterior-an
terior (UPA) grade IV mobilization to C4 and T1 for symp
tom control and improved rotation. 

The goal of the maturation phase (Weeks 12+) was to 
progress overall fitness, strength, and endurance for grad
ual return to sport (RTS) without pain, symptoms, or con
sequence post-surgery. Previous interventions were utilized 
as needed. Therapeutic exercise consisted of cervical, tho
racic spine, arm, and leg strengthening. Cervical strength
ening was progressed to maximum resistance for cervical 
rotation and flexion as this was important to the subject for 
BJJ sparring and protection of his neck. At this time, the 
subject began to gradually return to BJJ practice with non-
contact exercise and noted full body deficits in strength and 
conditioning. To improve overall strength and conditioning 
for practice, a weight training program was created that in
corporated full body single and multi-joint movements, as 
well as body weight exercise such as pull-ups and push-ups 
without assist. As the subject tolerated the program, he was 
progressed into full contact BJJ. 

OUTCOME 

Outcome measures included the Neck Disability Index 
(NDI), Patient Specific Functional Scale (PSFS), NPRS, and 
Short Form-12 Physical Score (SF-12 PCS) and Mental Score 
(SF-12 MCS). Additionally, cervical AROM and deep neck 
flexor (DNF) endurance values were recorded each visit 
(Table 3). Outcomes were administered at initial evaluation 
and postoperative weeks 6, 9, 12, 18, 24 and 52 (Table 4). 
The NDI is a 10-item measure investigating disability in pa
tients with neck pain, validated in patients with neck and 
arm pain and is used as a standard outcome measure after 
cervical spine surgery; it has a minimally clinically impor
tant difference (MCID) of 7.5 points.25 The PSFS assesses 
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Table 3. Range of Motion Measures     

Visit # C/S 
FLEX (°) 

C/S 
EXT (°) 

C/S ROT 
R (°) 

C/S ROT 
L (°) 

C/S SB 
R (°) 

C/S SB 
L (°) 

DNF Endurance 
(seconds) 

Initial 
Evaluation 

60 55** 60** 60** 20** 20** NT 

Follow-up 1 60 55** 60** 60** 20** 20** NT 

1 
(postoperative) 

60 55 60 65 40* 40* NT 

2 60 65 65 70 40 40 NT 

3 60 60 71 70 40 40 NT 

4 60 60 71 70 40 40 NT 

5 64 75 70 70 45 45 NT 

6 64 75 70 70 40 40 5 

7 54 60 78 74 45 45 5 

8 55 60 68 64 34 34 20 

9 60 60 80 78 40 40 20 

10 60 60 78 82 50 50 25 

11 60 60 78 82 50 50 30 

12 60 60 78 78 45 45 30 

13 60 60 78 78 45 45 36 

14 60 60 75 70 45 45 35 

C/S = cervical spine, Flex = flexion, Ext = extension, SB = side bend, Rot = rotation, R = right, L = left, DNF = Deep Neck Flexor, NT = not tested, *= pain, ** = pain + peripheralization 

Table 4. Outcome Measures   

DATE NPRS NDI PSFS SF-12 (PCS) SF-12 (MCS) 

Preoperative 2 12 3.4 58.57 27.01 

2 weeks 0 7 4.2 52.13 34.97* 

6 weeks 0 8 5 63.85 36.35* 

12 weeks 0 0* 7.8* 56.51 55.20* 

18 weeks 0 0* 9* 56.78 53.24* 

24 weeks 0 0* 10* 56.57 60.76* 

52 weeks 0 0* 10* 59.68 42.00* 

NPRS = Numeric Pain Rating Scale, NDI = Neck Disability Index, PSFS = Patient Specific Functional Scale, SF-12 PCS = Short Form-12 Physical Score, MCS = Mental Score 
* = met MCID as compared to preoperative 

functional status change with meaningful patient-specific 
goals, with an MCID range between 2.0 and 3.0 points.26 

The subject identified the following PSFS activities: looking 
over his shoulder while driving, performing left arm bicep 
curls equivalent to the right, getting a crossface in BJJ, de
fending darce choke in BJJ, and performing sexual activi
ties. The NPRS is a valid and reliable measure of patient re
ported pain levels, with an MCID of 2.2 points.27 The SF-12 
PCS assesses physical function and health, with an MCID of 
8.1; the SF-12 MCS evaluates mental health with an MCID 
of 4.7 and an average score of 50/100, with higher scores in
dicating better function.28,29 Cervical ROM was measured 
using a dual-arm goniometer which has demonstrated reli
ability and validity in patients with neck pain.30 

Improvements were noted with NDI (14% to 0%), PSFS 
(3.4/10 to 10/10), SF-12 PCS (+5.4) and SF-12 MCS (+25.7), 
and NPRS (2/10 to 0/10). Cervical AROM improved in ex

tension 55-60 degrees, total rotation 60-75 degrees, total 
lateral flexion 20-45 degrees, and DNF endurance 5-35 sec
onds. Postoperative radiographs at week 6-12 no evidence 
of prosthesis malpositioning, displacement, subsidence or 
heterotopic ossification. 

The subject met the MCID of NDI from preoperative 
to 12 weeks onward, and the minimal detectable change 
(MDC) from six weeks to 12 weeks onward.25 They also met 
the MCID of the PSFS preoperatively and postoperatively 
to 12 weeks onward.26 At one-year follow-up, the subject 
demonstrated carryover of no disability according to NDI, 
no limitations on PSFS; however, no notable significant im
provement in SF-12 physical score, and rather a decline be
low average in SF-12 mental score. 

After 14 visits across 16 weeks of PT, based on the sub
ject’s subjective reports of improvement and having met 
their goals of gradual RTS after week 12, the subject was 
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discharged from outpatient PT with a home exercise pro
gram, and continued monitoring outcome measures elec
tronically up to one year. No adverse events including re
visions, re-herniations, infections, or other healing 
complications arose during PT course or during follow up 
period. 

DISCUSSION 

This case report highlights the one-year outcomes of a suc
cessful postoperative PT program for a subject that under
went a two-level CTDR following symptomatic cervical disc 
herniation with associated radiculopathy. Being that liter
ature regarding postoperative rehabilitation after cervical 
spine surgery is grossly limited, this case report attempts to 
add preliminary information regarding a multimodal post
operative PT program for CTDR.11,12,31 

The subject demonstrated improvements in NDI, PSFS, 
NPRS and SF-12 PCS and SF-12 MCS. The subject’s im
provements may be due to good prognostic factors includ
ing his preoperative cervical spine ROM, young age, prior 
level of activity, motivation, and self-reported adherence to 
home exercise program. In addition, the subject possessed 
no known risk factors or comorbidities such as poor bone 
quality, smoking history, obesity, diabetes, or advanced age 
that would increase risk for adverse events, hardware fail
ure or delayed tissue healing timeline.12,32‑34 The subject 
did report depression and anxiety preoperatively, which is 
described in the literature to have a strong correlation with 
chronic pain and negative prognosis post-CTDR, and as risk 
factors for failure to achieve MCID of NDI and Visual Ana
log Scale arm and neck.32‑34 To mitigate these psychoso
cial factors as a potential barrier to recovery, the PT and 
surgical team recognized and addressed these early with 
a preoperative initial evaluation to set expectations and 
elaborate on the subject’s prognosis with and without sur
gical intervention, routinely reassessed outcome measures 
and highlighted progress with objective measures, and re
inforced signs of good healing on radiographs. This en
hanced expectations for therapeutic interventions which 
are associated with clinically meaningful improvements in 
function.35 In addition, early postoperatively the subject 
was encouraged to participate in a gradual walking program 
for safe aerobic exercise to help with inflammation, mood, 
and pain management. The physical therapist also dis
cussed with the subject whether or not they feel their de
pression/anxiety is well-managed with their current psy
chology services and medication.35 

It was noted that the subject’s SF-12 MCS scores peaked 
at six months and demonstrated a decline at one-year fol
low-up, though it still met the MCID for improvements 
from the initial visit.29 As the one-year updated survey was 
not obtained in person, no further reason or follow up on 
this decline was established, however it can be inferred the 
score being impacted due to multiple lifestyle factors such 
as personal or work-related stressors at the time impact
ing his overall quality of life, which could be independent 
of neck pain or disability.28,29 

To the authors’ knowledge, this is the first case report 
documenting the postoperative PT in the successful man
agement of a subject after CTDR. While there has been 
published literature regarding RTS, literature is lacking the 
content, timing and duration of postoperative PT and the 
rehabilitation process in general after CTDR.9,36‑38 One 
published study looked at 50 male and female patients be
tween 18-60 years following one-level CTDR and their re
spective return to physical activity levels; revealing all pa
tients showed a significant improvement in premorbid 
status of radicular symptoms and improvement in NDI lev
els.36 Although the study showed 100% of these previously 
active individuals returning to activities at various compet
itive levels following CTDR, including two professional ath
letes returning to football, there was an 8% decline in re
turning to specifically ball and contact sports.36 The study 
did not describe any physical therapy postoperative man
agement. The subjects were advised to resume any kind 
of physical activity slowly at their own discretion and to 
withdraw if they experienced stress or minor pain. Results 
showed median RTS ranges between 4-12 weeks, with fol
low up averaging 53 months.36 Conversely, this case report 
outlines a detailed postoperative physical therapy manage
ment that can be utilized by clinicians as a framework to 
guide patients towards RTS and activities, utilizing clinical 
reasoning to progress individuals according to their clinical 
presentation and personal factors. 

Another case report highlighted a 23-year-old Division I 
football player returning to play eight weeks after 1-level 
CTDR without adverse events or complications at a nine-
month follow up.9 No specific guidelines for progression or 
clearance to play were described other than the patient had 
four weeks of rest postoperatively and gradually returned to 
lifting, running and agility drills. No postoperative physi
cal therapy was described, and no patient reported outcome 
measures were collected.9 The current case report similarly 
highlights clinically meaningful improvement after CTDR, 
however, it also supports this outcome with objective mea
sures utilized to demonstrate patient progress. 

A 2021 systematic review discussed a growing body of 
literature that supports that RTS is likely safe following 
ACDF, with minimal evidence studying CTDR.5 The general 
consensus is that athletes should be managed on a case-
by-case basis depending on injury patterns and sympto
matology, with most authors advocating for returning only 
once the athlete is asymptomatic with return of strength 
and ROM.5 RTS is to be approached very carefully especially 
in martial arts, where the cervical spine undergoes signif
icant mechanical stresses; it has been shown to be safe to 
return to martial arts within one year following one-level 
ACDF, pending solid arthrodesis and absence of neurologic 
deficits.39,40 This case report demonstrates a possibility for 
similar outcomes for RTS with CTDR as compared to ACDF 
due to no adverse effects following one-year outcomes with 
RTS after week 12. 

This case report is unique for several reasons. Foremost, 
it describes a framework utilizing clinical and objective 
milestones with respect to patient-related factors, surgical 
related factors and the available evidence for rehabilitation 
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after cervical spine surgery to initiate and progress rehabil
itation for CTDR. Interdisciplinary collaboration and com
munication with the surgical team was important for suc
cessful management. Clinical reasoning is ultimately what 
determined intervention selection and progression based 
on patient-specific factors utilizing both subjective and ob
jective findings to guide patient care. Additionally, this is 
the first case report specific to CTDR with suggested post
operative guidelines that outline a comprehensive and de
tailed physical therapy rehabilitation program including 
manual therapy, therapeutic exercise, and patient educa
tion. To the authors’ knowledge, there is little published 
literature regarding therapeutic exercise to the cervical or 
thoracic spine after CTDR and no literature on the use of 
STM, scar tissue mobilization or accessory joint mobiliza
tion in the management of the postoperative patient with 
CTDR.41 This case report demonstrates that a multimodal 
PT program following CTDR based on tissue healing time
lines and clinical reasoning improved pain, function and 
quality of life up to one year postoperatively without ad
verse effects in this athlete. 

Limitations to this case report include limited general
izability of the results to any other populations due to in
cluding only one subject. As with all case studies, this study 
is based on one subject as a descriptive study design, and 
the effect of specific interventions on overall subject out
comes beyond the natural course of healing cannot be esti
mated as there was no control available. In addition, there 
is potential for selection bias, as there is strict criteria ac
cording to the Food and Drug Administration (FDA) for in
dications to receive a two-level Mobi-C implant prosthe
sis: must be a skeletally mature individual within the ages 
18-69 years old, with radiographic confirmation and a di
agnosis of radiculopathy, with neck and/or arm pain, and 
have trialed conservative management prior for at least 
six weeks without symptom resolve.42 He presented with 
no contraindications including infection, known allergy to 
the implant materials, no compromised vertebral bodies 
with previous trauma or deformity, no cervical instability 
or osteoporosis.42 Adherence to these strict criteria, and 
therefore the likelihood that the subject would likely be a 
young and healthy individual, may influence why the sub

ject demonstrated a good response to surgical manage
ment and subsequent rehabilitation. Further research is 
warranted to support the utilization of safe, effective, pro
gressively guided PT rehabilitation following CTDR to op
timize patient outcomes, particularly with return to higher 
level function sports such as BJJ. Finally, this case report 
lacked a patient perspective as the report was written after 
the patient was discharged. 

CONCLUSION 

A multimodal PT program based on tissue healing timelines 
and clinical reasoning demonstrated significant improve
ments in pain, function and quality of life in a male athlete 
up to one-year after two-level CTDR with RTS to BJJ with
out adverse effects. This case report provides a framework 
for management of an athlete post CTDR to aid clinicians 
in practice and promotes a direction for future research to 
include controlled studies or case series. 
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