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Abstract

:

The present study aimed to compare changes during inpatient rehabilitation between conservatively and surgically treated patients. A total of n = 162 patients with cervical spine complaints were included in the study (n = 107 conservatively treated, n = 55 after surgery). Patients completed disease-specific (NDI) and generic (NPRS, EQ-5D-5L, HAQ) patient reported outcome measures (PROMs) before and after rehabilitation. In addition, the range of motion (ROM) in the transversal plane of the cervical spine was measured. Changes and correlations between PROMs and ROM values during rehabilitation were assessed. The influence of moderating factors on NDI outcomes was examined. Significant improvements with large effect sizes were found in PROMs and ROM (all p < 0.001). The conservatively treated patients showed significantly greater NDI improvements than operated patients (p = 0.050), but a greater proportion of poor performance in ROM (p = 0.035). Baseline NDI (β = 0.66), HAQ (β = 0.14), and ROM scores (β = −0.17) explained 63.7% of the variance in NDI after rehabilitation. Both patient groups showed different outcomes. The findings of this study indicate that the unique needs of patients may require different therapeutic interventions and highlight the importance of using multidimensional outcome measures when implementing a multimodal rehabilitation approach.
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1. Introduction


Pain and impairment of the cervical spine are common orthopaedic disorders with a lifetime incidence of approximately 22% to 70% of the population and an annual prevalence of 30% to 50% [1,2]. Female gender, older age, high job demands, being an ex-smoker, having low social or work support, and having a previous history of neck or low back disorders were identified as risk factors for developing neck pain [3]. Conditions of the cervical spine are related to traumatic or degenerative alterations, but may also be caused by internal or neurological pathologies that have to be excluded during the initial clinical examination [4].



The human cervical spine normally consists of seven vertebrae, providing attachment points for muscles that support and move the upper limb girdle and that suspend and move the inlet of the thorax [5]. The vertebrae are separated from one another by intervertebral discs; these enable movement of the cervical spine and the head together with the vertebral joints. The vertebral arches and bodies enclose the spinal cord, while the spaces between the vertebrae serve as corridors for the paired spinal nerves. Ligaments of the cervical spine include the alar ligaments, anterior and posterior longitudinal ligament, and ligamenta flava. Skeletal muscles attached to the cervical spine, such as the sternocleidomastoid, trapezius, levator scapulae, erector spinae, deep cervical flexors, and suboccipital muscles, enable movements of the head and neck and, in part, of the shoulder girdle.



Tumours, trauma, inflammatory diseases, and neurological disorders may restrict head and neck mobility. In addition, the cervical spine undergoes progressive, age-related, non-inflammatory degenerative changes [6] referred to as spondylosis [7,8] that can cause pain and lead to restricted mobility. Spondylosis is caused by local ossification and the formation of osteophytes and, taken together with thickening and buckling of the ligamentum flavum, is one of the reasons for myelopathy and nerve radiculopathy [9]. Cervical disc herniation (CDH) develops from the degenerative rupture of the annulus fibrosus and the protrusion of the nucleus pulposus, resulting in the compression and irritation of spinal nerves and other structures [10]. While cervical disc pathologies remain asymptomatic in some cases [11], CDH is a common cause of localized myelopathy and cervical radiculopathy [12]. As a result of these pathologies, patients may develop neck pain or stiffness, hyperreflexia, and motor weakness, as well as experience sensory changes in the local and corresponding caudal nerve segments [13].



According to Fritz and Brennan [14], neck pain is classified into four categories: (1) pain with mobility deficits, (2) pain with movement coordination impairments, (3) pain with headache, and (4) pain with radiating pain. Clarke et al. [2] proposed that a distinction should be made between axial and radicular pain, which typically extends distally down the upper extremity in a dermatomal distribution. Depending on this extension, they recommended conservative treatment for axial pain rather than for radicular pain. However, Engquist et al. [15] identified specific factors that led to a better outcome in certain patients after surgery as compared to patients who underwent conservative treatment.



Functional status and current subjective condition are determined from objective measurements by clinicians (‘clinician reported outcome measures’, CROMs) and by patient-reported outcome measures (PROMs). Although the value of measuring the range of motion (ROM) is not entirely clear, limited ROM of the cervical spine is still one of the most commonly assessed physical impairments in clinical practice, indicating that restricted cervical ROM might be associated with negative outcomes [16]. While generic PROMs provide information about the patient’s general health status [17], specific PROMs describe outcomes related to a particular injury or disease [18]. Both CROMs and PROMs may show characteristic changes during rehabilitation. The correlation between these methods typically lies between 0.2 and 0.6 [19,20,21]. The generic PROMs used in this study were the Health Assessment Questionnaire (HAQ) [22] and the European Quality of Life-5 Dimensions questionnaire (EQ-5D) [23], whereas the Neck Disability Index (NDI) [24] served as a specific PROM for describing limitations caused by neck pain.



This retrospective cohort study was carried out to evaluate the effects of multimodal rehabilitation in patients who had previously undergone either surgical or conservative treatment. For this reason, inpatients at a specialized rehabilitation facility for cervical spine disorders were divided into two groups, one treated conservatively and one treated surgically, to compare outcomes in terms of the ROM, HAQ, EQ-5D, Numeric Pain Rating Scale (NPRS), and NDI.




2. Materials and Methods


2.1. Procedure


Inpatients with complaints of the cervical spine at a specialized orthopaedic rehabilitation facility were consecutively included in this retrospective cohort study. Patients were assigned to two groups: (a) the conservative treatment group (‘cons-group’), comprised patients who suffered from local or radicular pain caused by a narrowing of the spinal canal or nerve root canal due to osteochondrosis, spinal disk protrusion, or herniation; and (b) the surgery group (‘op-group’), in which patients had previously undergone surgery as a result of compression of the spinal cord or nerve roots.



Both patient groups took part in an interdisciplinary inpatient rehabilitation treatment programme. This inpatient program lasted 21 days, as defined in the service portfolio of the Austrian social security institutions [25]. The medical treatments lasted an average of 2–3 h per day and amounted to at least 1800 min of therapy [26,27]. Patients routinely completed generic and disease-specific patient-reported outcome (PRO) questionnaires before (T1) and at the end of rehabilitation (T2). Prior to completing the questionnaires, patients were informed about the use of the data for research purposes, provided with a quality assurance document, and signed a written informed consent form.




2.2. Outcome Measures


2.2.1. Range of Motion (ROM)


A number of tools have been designed to measure the joint range of motion, varying from simple visual estimation to high-speed cameras, using a conventional goniometer, digital devices, or a radiographic joint angle measurement [28,29]. As in the present study, the universal full circle goniometer is the preferred instrument for measuring the axial rotation of the cervical spine [30,31]. For statistic evaluation, we converted the degree values to a proportion of the normal axial range of motion.




2.2.2. Numeric Pain Rating Scale (NPRS)


Pain has a major impact on physical, emotional, and cognitive functioning [32,33] and is assessed by patients themselves using a numeric pain rating scale (NPRS). The NPRS describes the intensity of pain on a 0–10 scale, with zero meaning “no pain”, and ten meaning “the worst pain imaginable” [34].




2.2.3. Health Assessment Questionnaire (HAQ)


The HAQ is one of the most widely used comprehensive, validated, patient-oriented outcome assessment instruments [22,35]. The HAQ was originally developed in 1978 by James F. Fries and his colleagues at Stanford University and has been validated in patients with a wide variety of rheumatic diseases. The HAQ is composed of 20 items in the following eight categories: 1. Dressing and Grooming, 2. Arising 3. Eating, 4. Walking, 5. Hygiene, 6. Reach, 7. Grip, and 8. Common Daily Activities. For each of the categories, patients report the amount of difficulty they have when performing the two or three specific sub-category items, using four possible responses for each item or component: 0 = without any difficulty, 1 = with some difficulty, 2 = with much difficulty, and 3 = unable to do.




2.2.4. EuroQol—5 Dimensions—5 Levels (EQ-5D-5L)


The EQ-5D-5L is a generic instrument that is used to measure five dimensions of the health status, and each dimension is comprised of five levels: mobility, self-care, daily activities, pain/discomfort, and anxiety/depression [23]. In addition to a five-item descriptive system, this instrument contains a vertical visual analogue scale (VAS) ranging from 0 (‘the best health you can imagine’) to 100 (‘the worst health you can imagine’), which the patient uses to record (i.e., self-rated) their health [36,37]. The five levels range from level 1 (no problems) to level 5 (extreme problems/unable to do) [38].




2.2.5. Neck Disability Index (NDI)


The NDI is a specific PROM and was developed by Vernon and Mior in 1991 [24]. This index was originally based on the Oswestry Low Back Pain Questionnaire by Fairbank, Couper, and Davies [39] and consists of ten sections based on the intensity of the pain: (1), personal care (2), lifting (3), work (4), headaches (5), concentration (6), sleeping (7), driving (8), reading (9), and concentration (10). Six answers are possible for each of these sections, yielding a score of 0–5 points. The sum of the scores obtained is doubled to provide a percentage score (0–20, normal; 21–40, mild disability; 41–60, moderate; 61–80, severe; and 80+, complete/exaggerated) [40].





2.3. Statistical Analyses


The sample of participants was divided into two groups of patients who had previously undergone surgery (n = 55; op-group) or conservative treatment (n = 107; cons-group; Figure 1). Descriptive analyses were given for pain (NPRS), generic PROMs (HAQ, EQ-5D-5L), neck-specific PROMs (NDI), and Range of Motion (ROM) in either group. Baseline group differences were investigated with independent sample t-tests and χ2 tests. We analyzed associations of PROMs and ROM by calculating the Pearson correlation coefficients. Associations between baseline PROM and ROM scores, as well as between change scores (delta: T2 − T1), were analyzed. Because patients in the cons-group and op-group displayed significant differences in ROM scores, we also tested whether using the “performance score (T2D)” could improve the comparability of PROMs and ROM.



The T2D is a simple method to correct for baseline differences when comparing group outcomes. It can be calculated with the formula T2 + (T2 − T1), which reflects the individual performance and considers the functional status at the beginning of rehabilitation (changes from T1 to T2; Δ) [20,21,41,42,43], without having to deal with problems of mathematical coupling or regression effects as seen in ANCOVA. In addition to performing interference statistics, we also calculated a scatter plot to visualize correlations in performance (T2D scores) between NDI and ROM.



Changes in PROMs during rehabilitation were investigated by calculating repeated measures analyses of variance (rANOVA). To investigate differences in terms of changes that occurred during rehabilitation between cons-group and op-group patients, the grouping variable was added to the rANOVA. The magnitude of mean differences were evaluated using η2 effect sizes [41], with values of η2 = 0.01 considered as small, η2 = 0.06 as medium, and η2 = 0.14 as large effect sizes, respectively [44]. In addition, we grouped patients into categories of good, average, and bad performers based on their NDI T2D tertile scores and compared the representation of these groups in the cons-group and op-group using a χ2-test.



To determine which characteristics were associated with the NDI score after rehabilitation treatment (T2) (i.e., ‘critical success factors’), hierarchical multiple linear regression analyses were calculated in four steps by successively adding the following variables: (1) sociodemographic variables (age, sex, BMI), (2) treatment intensity data (number of psychological, physiotherapeutic and occupational therapy treatments, and number of medical counselling), (3) PROM scores (EQ-5D-5L total score, HAQ, NPRS) and ROM at baseline (T1), and (4) the NDI baseline score. The goodness of fit was determined by calculating Durbin-Watson statistics (values between 1.5–2.5 were deemed acceptable) and VIF (values < 10.0 were deemed acceptable). Calculations were performed for the total sample first and then repeated for the cons-group and the op-group separately.



All calculations were performed using IBM SPSS (v.21). Values of p < 0.05 were considered to be statistically significant.





3. Results


Initially, a total of n = 290 inpatients were assessed for eligibility (Figure 1). Of these, n = 47 who had complaints predominantly of the lumbar spine, suffered from somatoform or psycho-vegetative disorders, experienced severe trauma to the cervical spine, or had undergone cervical spine surgery more than one year previously and were thus excluded from the study. Another n = 57 patients were excluded because they could not localize their pain and reported diffuse spinal complaints either without providing further information or that arose due to a rheumatic disease or to spinal deformity in scoliosis. Finally, n = 24 patients were excluded due to missing PROMs or ROM data. The remaining n = 162 patients were included in the study. The recruitment procedure is displayed in Figure 1.



3.1. Patient Characteristics


Most patients were female (60.5% vs. 39.5%) and had a mean age of 52.7 (SD: 8.6) years (Table 1). Most patients were obese (BMI > 25; n = 96, 59.3%) but only one patient was underweight (BMI < 18.5; n = 1; 0.6%).




3.2. Rehabilitation Treatment


Members of both groups underwent a 21-day in-rehabilitation program, including 100.80 ± 41.79 min (range: 65–265) of individual doctor consultation and, for all participants, individual physiotherapy lasting 236.05 ± 58.56 min (range: 150–420) thermo- and electrotherapy, and massage therapy lasting 182.57 ± 23.97 min (range: 150–360).



Only a minor number of patients selected additional therapies: n = 47 chose occupational therapy (107.23 ± 47.12 min, range 30–270), n = 55 consulted a dietician (71.54 ± 28.83 min, range 30–150), n = 16 took part in a pain therapy group (63.75 ± 15.00 min, range 60–120), and n = 55 patients consulted a psychologist (88.90 ± 38.71 min, range 30–210). Some of the patients were both in the pain therapy group and/or visited a psychologist. The content of these two therapy forms was comparable; thus, the two therapies were merged to evaluate the results, with 60 patients in one and/or the other group (98.5 ± 42.46 min, range 30–210).




3.3. Association of PROMs and ROM


At baseline, all assessed PROMs were significantly associated with each other. The strongest associations were found between higher EQ-5D-5L impairment scores and higher NDI scores (r = 0.74, p < 0.001) and higher HAQ scores (r = 0.67, p < 0.001). However, the ROM scores were not significantly associated with any of the PROM scores at baseline. For detailed information, see Table 2.



As shown in Table 3, the changes in the NDI between T1 and T2 were significantly associated with changes in the NPRS score (r = 0.31, p < 0.01), EQ-5D-5L score (r = 0.37, p < 0.001), and HAQ score (r = 0.24, p < 0.05), and changes in the EQ-5D-5L were also associated with the HAQ score (r = 0.63, p < 0.001). However, changes in the ROM were not associated with changes in any of the PROMs.



In a next step, we tested if the use of the T2D scores improved associations of changes in ROM and PROMs. In support of our hypothesis, after T2D correction, increased ROM scores were associated with decreased NDI (r = −0.33, p < 0.001) and decreased EQ-5D-5L scores (r = 0.26, p < 0.01). For detailed information, see Table 4. This trend could also be visualized when comparing scatterplots of ROMT2D and NDIT2D. As shown in Figure 2, the performance score provides a more coherent picture than the change values (Table 3) when the T2D algorithm is applied, regardless of group assignment.




3.4. Mean Changes during Rehabilitation Treatment


Patients showed statistically significant amounts of improvement over the course of rehabilitation (Table 5) with large effect sizes for NPRS (p < 0.001), EQ-5D-5L total score (p < 0.001), NDI (p < 0.001), and ROM scores (p < 0.001). Only for the HAQ score could no significant improvement be observed during the rehabilitation (p = 0.57).



Patients in the cons-group showed a statistically significant larger amount of improvement in terms of the NDI score (p = 0.050) and the EQ-5D-5L pain/discomfort score (p = 0.032) than did patients in the op-group, with a small effect size. For detailed information, see Figure 3 and Figure 4.



Regarding the NPRS, EQ-5D-5L total score, and the ROM score, patients in the conservative treatment group showed larger amounts of improvement, but these differences were not statistically significant (p = 0.61–0.12). For detailed information, see Table 5.



When patients were grouped into categories of good, average, and bad performers based on the T2D scores of the NDI, a statistically significant difference was detected between the two treatment groups (χ2 = 7.67, p = 0.022), with patients in the op-group showing a larger proportion of bad performers (50.9% vs. 29.0%) and fewer average (21.8% vs. 34.6%) and fewer good performers (27.3% vs. 36.4%). Regarding the performance on the basis of the T2D ROM scores, a statistically significant inversed effect was observed (χ2 = 6.72, p = 0.035): patients in the cons-group showed more bad performers (43.0% vs. 23.6%) and fewer average (26.2% vs. 41.8%) and fewer good performers (30.8% vs. 34.5%) (Figure 5).




3.5. Critical Success Factors for Neck Disability Score at the End of Treatment (T2)


To determine which factors were associated with the NDI score at the end of inpatient rehabilitation, a hierarchical multiple linear regression model was designed. The model consisted of three steps, consecutively including sociodemographic and health-behaviour factors, baseline PROM scores, and treatment-related factors (Table 6). Model statistics indicated no auto-correlation (Durbin-Watson = 1.97) or multicollinearity (VIF = 1.12–2.80), and the final model explained 63.4% of the variance of the NDI score at T2 (p < 0.001).



Of the five sociodemographic and health-behaviour variables added in step 1, having a female sex (β = 0.18; p = 0.019) and higher number of medications (β = 0.35; p < 0.001) were associated with a higher NDI score at T2. After including the treatment factors in step 2, sex was no longer a significant predictor. Patients with higher NDI scores at T2 took part significantly more often in psychological treatment (β = 0.24; p = 0.003) and medical counselling (β = 0.21; p = 0.005). The explained variance significantly increased to 28.4% after including the variables in step 2 (p = 0.001). However, when baseline PROMs were added to the model in step 3, only the higher frequency of medical counselling (β = 0.14; p = 0.039) remained as a statistically significant predictor. The overall explained variance significantly increased to 48.0% (p < 0.001), and higher baseline HAQ (β = 0.31; p < 0.001) scores as well as lower ROM scores (β = −0.18; p = 0.008) were associated with higher NDI scores at the end of treatment. Finally, when adding the NDI baseline score (T1) to the model, medical counselling no longer served as a significant predictor. Higher baseline NDI (β = 0.66; p < 0.001) and HAQ (β = 0.14; p = 0.047) scores as well as lower ROM scores (β = −0.17; p = 0.003) explained 63.7% of the NDI score at the end of rehabilitation (p < 0.001). For detailed information, see Table 6.



The analysis was repeated for both treatment groups separately. While the overall results remained comparable, slight differences could be observed: The number of medications was the only significant predictor in step 1 for both patients in the cons-group (β = 0.27; p = 0.007) and the op-group (β = 0.34; p = 0.013). In step 2, only the number of psychological treatments was associated with higher NDI scores at the end of rehabilitation (β = 0.33; p = 0.002) in the cons-group, while the number of medical counselling was the only significant predictor in the op-group (β = 0.32; p = 0.028). In step 3, higher EQ5D-5L scores (β = −0.38; p = 0.004) and lower ROM (β = −0.16; p = 0.049) scores were significant predictors in the cons-group, but higher HAQ scores (β = 0.43; p = 0.008) were the sole predictor in the op-group. In step 4, higher NDI (β = 0.64; p < 0.001) and lower ROM (β = −0.17; p = 0.012) were significant predictors in the cons-group, while in the op-group, only the NDI (β = 0.72; p < 0.001) was a significant predictor.





4. Discussion


The aim of the present study was to investigate if patients who had previously undergone either surgical treatment or conservative treatment profit differently from multi-modal rehabilitation treatment.



While we observed significant improvements in the anxiety/depression and pain/discomfort scores in both treatment groups, patients in the cons-group showed a tendency to display larger amounts of improvement. These findings are similar to those of Cha et al. [45], who found significantly worse NDI scores in depressive patients at certain time points after surgery than in non-depressive patients. However, not all patients who required surgical treatment were depressed. This may also explain the small group differences for the EQ-5D values seen in our cohort, which contrast with those seen in a study on preoperative mental health in patients undergoing cervical spine surgery [46]. The cons-group showed comparable results, but a higher correlation between pain and NDI at T2 (r = 0.69, p = 0.004) was observed as compared to the op-group (r = 0.32, p = 0.014). In addition, no correlation was detected between the NDI at T1 and ROM at T2 (r = 0.07, p = 0.46).



As seen in previous research [47], a high disability (NDI) was a significant predictor of rehabilitation outcome after a three-week rehabilitation program in both the conservative and the surgical group in our study. Additionally, we found that psychological treatment was associated with rehabilitation outcome in the cons-group, while medical counselling was the treatment-related predictor in the op-group.



Giesinger et al. [48] detected different outcomes for generic and specific PROMs in knee rehabilitation and demonstrated that outcome measures differed significantly in terms of their responsiveness. Joint-specific PROMs were more responsive than clinician-reported or generic outcome measures. In contrast, we only found moderate correlations between specific and generic PROMs in neck rehabilitation. Both objective measures and PROMs may display characteristic changes during rehabilitation. The correlation between these methods typically lies between 0.2 and 0.6 [19,20,21]. Which outcome measure is the most appropriate to accurately capture the course and outcome of rehabilitation is debatable. In a cohort study of 4293 young male adults, Kauther et al. [49] examined the association between cervical ROM and neck pain. As we found, these authors found no correlation between ROM and neck pain; however, when controlling for baseline differences by using the T2D, changes in ROM and NDI scores were significantly associated with improvements in ROM linked to reduced neck disability. These results highlight the usefulness of T2D when comparing different outcome measures in orthopaedic rehabilitation research.



In another prospective cohort study, ROM and isometric neck muscle strength were assessed at baseline to determine whether the ROM of the cervical spine or neck muscle strength could predict the development of neck pain. Based on sixteen years of data, no association between neck muscle strength or ROM and the development of neck pain and disability was found [50]. It is worth noting that, with one exception, all participants in our cohort had a ROM of at least 50%. Considering the obtained results, we conclude that ROM alone is not a suitable measure for determining the success of neck rehabilitation outcomes. This conclusion agrees with a biopsychosocial perspective of neck pain, where pain, psychological distress, fear, self-efficacy, and physical features interact with each other and lead to disability [51]. Overall, improving cervical ROM seems to be just one of several aspects in neck pain rehabilitation.



In a meta-analysis of 40 studies, Zoete et al. [52] showed that therapies such as yoga, Pilates, tai chi, and qigong positively influenced rehabilitation success as compared to no treatment. Their findings indicate that no type of exercise is superior to others in patients with chronic, non-specific neck pain. This finding agrees with the results of our study, in which the duration of individual physiotherapy only had minor effects on rehabilitation outcome. In our sample, the cause of the complaints (surgical versus conservative medical history) was more important for patient reported outcomes than the type and duration of specific treatments.



In general, physiotherapy leads to better outcomes than no intervention in patients with neck pain, with superior results after multidisciplinary rehabilitation and multimodal exercises integrated into cognitive-behavioural therapy [53]. This claim is supported by the findings of pain expert Steven Cohen [54], who differentiates between acute pain, which is useful, protective, and has survival value, and chronic pain, which is no longer useful, can be over-protective, and might be best considered as a disease itself. In clinical practice, it is often impossible to disentangle the complex interaction between the many interacting factors that influence the patients’ subjective pain experience with neck pain [55]. We cannot say with certainty whether the nociceptive pain caused by tissue or potential tissue damage, neuropathic pain following nerve injury, nociplastic pain as a result of maladaptive changes of nociceptive processing, or mixed pain causes the patient’s discomfort. In support of our concept of multimodal therapy for neck pain, Cohen et al. [54] recommend taking a patient-centered, biopsychosocial approach for these patients by combining medication, physical exercise, and psychological support.



Limitations


Premorbid physical condition and psychological state are critical to rehabilitation outcomes. Further differentiation of cervical spine patients, e.g., according to clinical imaging results [6], was not performed. We found that anxiety and depression are important issues for surgically treated patients with neck pain, but also for chronic pain patients in general. This association between pain, pain-related disability, and depression has been confirmed in other studies [56,57]. Therefore, we recommend integrating specific assessments in the rehabilitation of these patients that place a focus on the psychological state.



Furthermore, the retrospective design of this study prevents us from commenting on the effectiveness of specific components of the rehabilitation program, as it is impossible to account for contextual factors, natural history [58], or the regression to the mean without using a randomized interventional design that compares the rehabilitation program with a control intervention [59].





5. Conclusions


In chronic pain therapy, multimodal rehabilitation concepts are well established and are similar in some ways to specific neck pain therapy. Multimodal therapy of neck pain leads to comparable improvements in both conservatively treated patients and in patients who have undergone neck surgery, although we have identified specific differences between these two patient groups. High levels of disability (NDI) in patients with neck pain who were either surgically or non-surgically treated at the beginning of rehabilitation significantly predicted high levels of disability at the end of rehabilitation (NDI).



In general, patients with a higher NDI had a greater need for medical counselling and psychological intervention, but NDI scores did not significantly correlate with ROM. This lack of correlation between the range of motion and perceived disability contrasts with the relationship between PROMs and ROM in other anatomic regions. However, after adjusting for baseline differences between the two groups, the limited ROM was shown to be a predictor of perceived disability after rehabilitation.



As mentioned in the limitations, assessment of the patient’s mental status should become part of the rehabilitation routine. We conclude that the health status at baseline has a significant impact on the evaluation of success. Therefore, only a multidimensional assessment of PROMs and clinician-reported objective measures (ROM) that considers different baseline values, as in the use of the performance score presented in this paper, provides an evidence-based and person-centered approach to improving physical function and health through medical rehabilitation for patients with musculoskeletal impairments.
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Figure 1. Flow chart illustrating the participant recruitment procedure. 
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Figure 2. Scatter plot of T2D scores [T2 + (T2 − T1)] of Range of Motion (ROM) and Neck Disability Index (NDI). 
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Figure 3. Mean Neck Disability Score (NDI) before (T1) and after (T2) rehabilitation treatment for patients in the conservative and the surgical treatment group. 
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Figure 4. Mean EQ-5D-5L pain/discomfort score before (T1) and after (T2) rehabilitation treatment for patients in the conservative and surgical treatment groups. 
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Figure 5. Distribution of good, average, and bad performers (NDI and ROM T2D tertiles) stratified by group. (a) Group Neck Disability Index (NDI) performance; (b) Group performance in Range of Motion (ROM). 
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Table 1. Sociodemographic data and baseline PRO scores.
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Total

n = 162

	
Cons-Group

n = 107

	
Op-Group

n = 55

	

	




	

	
n

	
(%)

	
n

	
(%)

	
n

	
(%)

	
χ2

	
p-Value






	
Male

	
64

	
(39.5%)

	
41

	
(38.3%)

	
23

	
(41.8%)

	
0.186

	
0.66




	
Female

	
98

	
(60.5%)

	
66

	
(61.6%)

	
32

	
(58.1%)

	

	




	
Smoker

	
43

	
(27.2%)

	
25

	
(24.3%)

	
18

	
(32.7%)

	
1.294

	
0.26




	

	
mean

	
(SD)

	
mean

	
(SD)

	
mean

	
(SD)

	
t-value

	
p-value




	
Mean age

	
52.7

	
(8.6)

	
52.4

	
(8.2)

	
53.5

	
(9.3)

	
0.802

	
0.42




	
Height (cm)

	
170

	
(7.4)

	
170.6

	
(7.6)

	
172

	
(6.9)

	
1.424

	
0.16




	
Weight (kg)

	
77

	
(13.9)

	
76

	
(13.9)

	
79

	
(13.8)

	
0.819

	
0.42




	
BMI

	
26.4

	
(4.1)

	
26.4

	
(4.2)

	
26.5

	
(3.8)

	
0.124

	
0.90




	
ROM

	
58.2

	
(16.4)

	
61.6

	
(14.1)

	
51.5

	
(18.6)

	
3.895

	
0.001 ***




	
NPRS

	
5.1

	
(2.1)

	
5.1

	
(2.0)

	
5.1

	
(2.1)

	
0.017

	
0.99




	
EQ-5D-5L

	
8.3

	
(2.1)

	
8.3

	
(1.9)

	
8.5

	
(2.5)

	
0.586

	
0.56




	
mobility

	
1.2

	
(0.5)

	
1.3

	
(0.6)

	
1.1

	
(0.3)

	
2.20

	
0.029 *




	
self-care

	
1.1

	
(0.4)

	
1.0

	
(0.2)

	
1.1

	
(0.6)

	
0.86

	
0.39




	
usual activities

	
1.7

	
(0.9)

	
1.6

	
(0.9)

	
1.7

	
(0.9)

	
0.07

	
0.95




	
pain/discomfort

	
2.9

	
(0.8)

	
3.0

	
(0.7)

	
2.9

	
(0.8)

	
0.20

	
0.84




	
anxiety/depression

	
1.5

	
(0.9)

	
1.4

	
(0.6)

	
1.7

	
(1.1)

	
2.04

	
0.045 *




	
HAQ

	
0.16

	
(0.23)

	
0.15

	
(0.25)

	
0.17

	
(0.20)

	
0.505

	
0.62




	
NDI

	
29.1

	
(14.0)

	
28.1

	
(13.2)

	
30.9

	
(15.4)

	
1.165

	
0.25








Cons-group: conservative treatment; Op-group: surgical intervention; SD: standard deviation; %: percent; height in cm; weight in kg; BMI: Body Mass Index; ROM: Range of Motion in percent of normal range in the transversal plane; NPRS: Numeric Pain Rating Scale; EQ-5D-5L: European Quality of Life 5 Dimensions, 5-Level Version; HAQ: Health Assessment Questionnaire; NDI: Neck Disability Index; *** p < 0.001; * p < 0.05.
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Table 2. Correlations of PROs and ROM score at baseline (T1).
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	NPRS (T1)
	EQ-5D-5L (T1)
	HAQ (T1)
	ROM (T1)





	NDI (T1)
	0.58 ***
	0.74 ***
	0.57 ***
	−0.05



	NPRS (T1)
	-
	0.52 ***
	0.34 ***
	−0.07



	EQ-5D-5L (T1)
	-
	-
	0.67 ***
	−0.11



	HAQ (T1)
	-
	-
	-
	−0.07







ROM: Range of Motion as a proportion of the normal range in the transversal plane; NPRS: Numeric Pain Rating Scale; EQ-5D-5L: European Quality of Life 5 Dimensions, 5-Level Version; HAQ: Health Assessment Questionnaire; NDI: Neck Disability Index; *** p < 0.001.
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Table 3. Correlations of PROs and ROM delta scores (T2 − T1).
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	NPRS (T2-T1)
	EQ-5D-5L (T2-T1)
	HAQ (T2-T1)
	ROM (T2-T1)





	NDI (T2-T1)
	0.31 **
	0.37 ***
	0.24 *
	−0.11



	NPRS (T2-T1)
	-
	0.12
	0.02
	0.06



	EQ-5D-5L (T2-T1)
	-
	-
	0.63 ***
	−0.17



	HAQ (T2-T1)
	-
	-
	-
	−0.02







ROM: Range of Motion as a proportion of the normal range in the transversal plane; NPRS: Numeric Pain Rating Scale; EQ-5D-5L: European Quality of Life 5 Dimensions, 5-Level Version; HAQ: Health Assessment Questionnaire; NDI: Neck Disability Index; *** p < 0.001; ** p < 0.01; * p < 0.05.
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Table 4. Correlations of PROMs and ROM for performance scores (T2D).
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	NPRS (T2D)
	EQ-5D-5L (T2D)
	HAQ (T2D)
	ROM (T2D)





	NDI (T2D)
	0.52 ***
	0.50 ***
	0.32 **
	−0.33 ***



	NPRS (T2D)
	-
	0.30 **
	0.16
	−0.12



	EQ-5D-5L (T2D)
	-
	-
	0.61 ***
	−0.26 **



	HAQ (T2D)
	-
	-
	-
	−0.18







ROM: Range of Motion as a proportion of the normal range in the transversal plane; NPRS: Numeric Pain Rating Scale; EQ-5D-5L: European Quality of Life 5 Dimensions, 5-Level Version; HAQ: Health Assessment Questionnaire; NDI: Neck Disability Index; *** p < 0.001; ** p < 0.01.













[image: Table] 





Table 5. Patient reported outcome (PRO) and range of motion (ROM) scores before and after rehabilitation treatment for total group and stratified for treatment groups.






Table 5. Patient reported outcome (PRO) and range of motion (ROM) scores before and after rehabilitation treatment for total group and stratified for treatment groups.





	

	

	
T1

	
T2

	

	
Time

	
Time × Group




	

	

	
Mean

	
(SD)

	
Mean

	
(SD)

	
Delta

	
p

	
η2

	
p

	
η2






	
NDI

	
Total sample

	
28.9

	
13.6

	
22.7

	
12.8

	
6.2

	
<0.001

	
0.24

	
0.050

	
0.03




	

	
Cons-group

	
28.2

	
13.2

	
21.3

	
11.7

	
6.9

	
<0.001

	
0.29

	

	




	

	
OP-group

	
30.5

	
14.3

	
26.7

	
14.4

	
3.8

	
0.003

	
0.06

	

	




	
NPRS

	
Total sample

	
5.1

	
2.1

	
3.7

	
1.9

	
1.4

	
<0.001

	
0.33

	
0.12

	
0.02




	

	
Cons-group

	
5.1

	
2.1

	
3.6

	
1.8

	
1.5

	
<0.001

	
0.36

	

	




	

	
OP-group

	
5.2

	
2.1

	
4.1

	
1.9

	
1.1

	
<0.001

	
0.11

	

	




	
HAQ

	
Total sample

	
0.16

	
0.22

	
0.15

	
0.24

	
0.01

	
0.57

	
<0.01

	
0.74

	
<0.01




	

	
Cons-group

	
0.16

	
0.25

	
0.15

	
0.28

	
0.01

	
0.42

	
<0.01

	

	




	

	
OP-group

	
0.16

	
0.16

	
0.15

	
0.15

	
0.01

	
0.88

	
<0.01

	

	




	
EQ-5D-5L

	
Total sample

	
8.3

	
2.1

	
7.4

	
1.8

	
0.9

	
<0.001

	
0.18

	
0.61

	
<0.01




	

	
Cons-group

	
8.3

	
1.9

	
7.4

	
1.6

	
0.9

	
<0.001

	
0.17

	

	




	

	
OP-group

	
8.4

	
2.4

	
7.4

	
1.6

	
1.0

	
0.002

	
0.06

	

	




	
EQ-5D-5L

	
Total sample

	
1.21

	
0.54

	
1.17

	
0.44

	
0.04

	
0.41

	
<0.01

	
0.54

	
<0.01




	
mobility

	
Cons-group

	
1.27

	
0.62

	
1.20

	
0.48

	
0.03

	
0.20

	
0.01

	

	




	

	
OP-group

	
1.10

	
0.30

	
1.12

	
0.32

	
0.02

	
0.90

	
<0.01

	

	




	
EQ-5D-5L

	
Total sample

	
1.06

	
0.38

	
1.08

	
0.42

	
−0.02

	
0.96

	
<0.01

	
0.09

	
0.02




	
self-care

	
Cons-group

	
1.04

	
0.24

	
1.11

	
0.50

	
−0.07

	
0.12

	
0.02

	

	




	

	
OP-group

	
1.10

	
0.57

	
1.02

	
0.14

	
0.08

	
0.33

	
0.01

	

	




	
EQ-5D-5L

	
Total sample

	
1.63

	
0.86

	
1.47

	
0.78

	
0.16

	
0.035

	
0.03

	
0.90

	
<0.01




	
usual

	
Cons-group

	
1.64

	
0.89

	
1.49

	
0.84

	
0.15

	
0.07

	
0.02

	

	




	
activities

	
OP-group

	
1.60

	
0.80

	
1.42

	
0.64

	
0.18

	
0.18

	
0.01

	

	




	
EQ-5D-5L

	
Total sample

	
2.94

	
0.77

	
2.33

	
0.70

	
0.61

	
<0.001

	
0.33

	
0.032

	
0.03




	
pain/

	
Cons-group

	
2.95

	
0.73

	
2.29

	
0.69

	
0.66

	
<0.001

	
0.38

	

	




	
discomfort

	
OP-group

	
2.90

	
0.85

	
2.42

	
0.72

	
0.48

	
<0.001

	
0.09

	

	




	
EQ-5D-5L

	
Total sample

	
1.49

	
0.83

	
1.30

	
0.57

	
0.19

	
0.007

	
0.05

	
0.98

	
<0.01




	
anxiety/

	
Cons-group

	
1.39

	
0.64

	
1.22

	
0.44

	
0.17

	
0.016

	
0.04

	

	




	
depression

	
OP-group

	
1.69

	
1.11

	
1.46

	
0.75

	
0.23

	
0.10

	
0.02

	

	




	
ROM (%)

	
Total sample

	
58.2

	
16.5

	
68.7

	
14.9

	
10.5

	
<0.001

	
0.58

	
0.13

	
0.02




	

	
Cons-group

	
61.6

	
14.1

	
71.5

	
12.5

	
9.9

	
<0.001

	
0.47

	

	




	

	
OP-group

	
51.1

	
18.7

	
62.9

	
17.8

	
11.8

	
<0.001

	
0.38

	

	








ROM: Range of Motion as a proportion of the normal range in the transversal plane; NPRS: Numeric Pain Rating Scale; EQ-5D-5L: European Quality of Life 5 Dimensions, 5-Level Version; HAQ: Health Assessment Questionnaire; NDI: Neck Disability Index; effect sizes: η2 > 0.01 = small, η2 > 0.06 = medium, and η2 > 0.14 = large effect sizes.
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Table 6. Hierarchical multiple linear regression model for variables associated with NDI scores at the end of treatment (T2).
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Step 1:

Sociodemographic

	
Step 2:

Treatment

	
Step 3:

Baseline PROMs

	
Step 4:

Baseline NDI




	

	
β

	
p-Value

	
β

	
p-Value

	
β

	
p-Value

	
β

	
p-Value






	
Sex

	
0.18

	
0.019

	
0.08

	
0.32

	
0.06

	
0.37

	
0.03

	
0.66




	
Age

	
0.02

	
0.81

	
0.07

	
0.36

	
−0.10

	
0.16

	
−0.06

	
0.31




	
BMI

	
−0.07

	
0.36

	
−0.05

	
0.49

	
−0.06

	
0.35

	
−0.02

	
0.70




	
Smoking

	
−0.03

	
0.65

	
−0.07

	
0.33

	
−0.12

	
0.07

	
−0.07

	
0.21




	
Nr. medications

	
0.35

	
<0.001

	
0.22

	
0.007

	
0.14

	
0.06

	
0.07

	
0.28




	
Psych

	
-

	
-

	
0.24

	
0.003

	
0.11

	
0.15

	
0.03

	
0.69




	
Physio

	
-

	
-

	
0.04

	
0.63

	
0.05

	
0.49

	
0.02

	
0.69




	
Massage

	
-

	
-

	
−0.02

	
0.77

	
0.00

	
0.99

	
0.04

	
0.44




	
Physician

	
-

	
-

	
0.21

	
0.005

	
0.14

	
0.039

	
0.06

	
0.25




	
Occupational

	
-

	
-

	
0.06

	
0.39

	
−0.02

	
0.72

	
−0.01

	
0.84




	
EQ-5D-5L (T1)

	
-

	
-

	
-

	
-

	
0.14

	
0.13

	
−0.08

	
0.32




	
HAQ (T1)

	
-

	
-

	
-

	
-

	
0.31

	
<0.001

	
0.14

	
0.047




	
NPRS (T1)

	
-

	
-

	
-

	
-

	
0.11

	
0.13

	
−0.02

	
0.73




	
ROM (T1)

	
-

	
-

	
-

	
-

	
−0.18

	
0.008

	
−0.17

	
0.003




	
NDI (T1)

	
-

	
-

	
-

	
-

	
-

	
-

	
0.66

	
<0.001




	
R2 (Sig. model)

	
0.177

	
(<0.001)

	
0.284

	
(<0.001)

	
0.480

	
(<0.001)

	
0.637

	
(<0.001)




	
Δ R2 (Sig. of Δ R2)

	
-

	
-

	
0.107

	
(0.001)

	
0.196

	
(<0.001)

	
0.157

	
(<0.001)








β: standardized coefficient; nr. medications = number of medication patients are currently taking; significant predictors displayed in bold; BMI: Body Mass Index; ROM: Range of Motion as a proportion of the normal range in the transversal plane; NPRS: Numeric Pain Rating Scale; EQ-5D-5L: European Quality of Life 5 Dimensions, 5-Level Version; HAQ: Health Assessment Questionnaire; NDI: Neck Disability Index; psych = number of psychological treatment units; physio = number of physiotherapeutic treatment units; massage = number of massage treatment units; physician = number of medical consultation units; occupational = number of occupational therapy treatment units; sex: men = 0 vs. female = 1.
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