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ABSTRACT

Introduction: The cervical spine’s role in shoulder pain remains unclear, particularly regarding its influence on shoulder pain severity and functional limitations. This study aimed to compare neck mobility, pain sensitivity, and strength between patients with rotator cuff-related shoulder pain (RCRSP) and asymptomatic controls and to explore associations between neck active range of motion (AROM) and shoulder outcomes.

Methods: A cross-sectional study was conducted with 50 patients with RCRSP and 50 asymptomatic controls. Neck AROM was measured with a CROM device, pressure pain thresholds (PPTs) with a digital algometer, and isometric neck strength with a handheld dynamometer. Shoulder pain and disability were assessed using the Visual Analog Scale (VAS) and the Shoulder Pain and Disability Index (SPADI).

Results: Compared to controls, patients with RCRSP exhibited reduced neck rotation toward the affected shoulder (mean difference: −5.19°; 95% CI: −8.84 to −1.38) and lower PPTs bilaterally (affected side: −1.49 kg/cm²; 95% CI: −1.99 to −1.00; unaffected side: −1.42 kg/cm²; 95% CI: −1.98 to −0.91). No differences were found in neck strength. Regression analysis showed that greater neck flexion, lateral flexion toward the affected side, and reduced protraction were associated with higher SPADI scores. Additionally, neck lateral flexion and rotation toward the affected side were negatively associated with shoulder pain intensity over the last week.

Conclusion: These findings suggest a potential interaction between the cervical spine and shoulder in RCRSP, underscoring the importance of a comprehensive assessment of both cervical and shoulder impairments in this condition.
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What is already known about this topic:

• Previous research has suggested a relationship between the cervical spine and shoulder pain.

• Studies have reported alterations in the cervical region among individuals with shoulder pain compared to healthy controls. However, the specific nature of these impairments and their impact on shoulder function remain unclear due to limited research.




What does the study add:

• This cross-sectional study identifies a specific reduction in cervical rotation towards the affected shoulder and bilateral reductions in neck pain PPTs in patients with RCRSP, highlighting potential sensitization processes.

• Associations between specific cervical movements and shoulder outcomes, such as disability and pain intensity, provide new evidence of the interaction between cervical impairments and shoulder dysfunction.

• These findings underscore the importance of a comprehensive shoulder assessment that includes evaluating cervical spine impairments, which may contribute to shoulder dysfunction.




Introduction

Shoulder pain is a common complaint observed in the general population (1); the point prevalence of shoulder pain ranges from 6.9% to 26%, the 12-month prevalence from 4.7% to 55.2%, and the lifetime prevalence spans between 6.7% and 66.7% (1,2). Furthermore, shoulder pain results in high socioeconomic costs due to a significant decline in the patient's ability to work and perform activities of daily living (3,4).

Among shoulder musculoskeletal pain conditions, rotator cuff disorders are the most common, affecting a total of 6.8-22.4% of individuals over 40 years old (5-7). Various terms have been suggested to describe pain originating in the rotator cuff, including subacromial pain syndrome (8). Rotator cuff disease (9) or rotator cuff-related shoulder pain (RCRSP) (10). The latter refers to a clinical presentation of shoulder pain and impaired shoulder movement and function, typically experienced during abduction and external rotation movements (10). It encompasses a range of conditions, including subacromial pain (impingement) syndrome, rotator cuff tendinopathy, and symptomatic partial and full-thickness rotator cuff tears (10).

The cervical spine has been considered a contributing factor or even the main source of pain in people with shoulder pain, including people with RCRSP (11). From a biomechanical perspective, adequate cervicothoracic mobility is an important requirement for proper shoulder complex function (12,13), and restricted mobility has been proposed as a risk factor for shoulder pain (14-17). In line with this, the Regional Interdependence model proposes that impairments in one region of the body can influence the musculoskeletal and neuromuscular function and symptoms in other remote regions of the body (18,19). In addition, this model states that neurophysiological, biopsychosocial, and somatovisceral systems can also influence musculoskeletal function both locally and at remote sites (19).

Regarding the link between the cervical spine and shoulder, individuals with shoulder pain may present with restricted cervical range of motion (ROM) (15,20-22). For example, Rebelatto et al. found that individuals with RCRSP had decreased active neck extension compared to healthy controls (22). Limited cervical ROM has even been proposed as a potential risk factor for developing sports-related shoulder injuries(16). On the other hand, proper activation of cervical muscles has been suggested to be necessary for upper limb tasks (23). In line with this, some studies have found altered activity patterns in the cervical flexor muscles in patients with shoulder pain (24,25). However, no significant differences have been found in overall maximal isometric neck strength between people with RCRSP compared to healthy individuals (22), although evidence on this topic is currently scarce. Moreover, research has identified variations in neck pain sensitivity, measured by pressure pain thresholds (PPTs), in people with shoulder pain compared to asymptomatic subjects. Some studies have reported heightened pain sensitivity on the symptomatic side of the neck (26), while others observed increased sensitivity bilaterally (on both the symptomatic and contralateral side), suggesting a broader sensitization process (22,27). However, other studies reported opposite findings (28,29), thus making it difficult to draw firm conclusions in this regard.

Given the inconsistencies and variability in previous findings, this study aimed to address key limitations in previous research, such as small sample sizes, lack of adjustment for confounding factors like age and sex, and limited exploration of cervical-shoulder relationships. By using a larger sample, employing robust statistical methods, and analyzing associations between cervical impairments and shoulder outcomes in greater depth, this study sought to provide more comprehensive insights into these interactions.

Specifically, this research aimed to analyze potential differences in various cervical sensorimotor variables, including neck active range of motion (AROM), neck muscle strength, and neck PPTs, between patients with RCRSP and asymptomatic controls. Additionally, possible associations between neck AROM and shoulder pain and disability in the RCRSP group were investigated. It was hypothesized that individuals with RCRSP would exhibit reduced neck mobility, increased neck pain sensitivity (i.e., reduced neck PPTs), and lower levels of neck muscle strength as compared to asymptomatic controls. Furthermore, reduced neck AROM would be expected to be associated with increased shoulder pain and disability in people with RCRSP.



Materials and methods

This study adhered to the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) guidelines (30) (Supplementary Material-1). Ethical approval was obtained from the Alcorcón Foundation Hospital Ethics Committee (HUFA) (Madrid, Spain). The study adhered to the Declaration of Helsinki principles (31).



Participants

Participants with RCRSP and asymptomatic individuals were recruited from three private physiotherapy clinics in the Community of Madrid (Spain). The recruitment period spanned from January 2022 to October 2023. Details of the study process can be found in Figure 1.

For the RCRSP group, inclusion criteria comprised: (i) subjects aged 18-65 years; (ii) unilateral shoulder pain lasting at least three months; (iii) pain reproduced during resisted muscle testing in shoulder abduction or external rotation that the participants identified as consistent with their usual shoulder pain (32); (iv) pain intensity ≥3 points on a Visual Analog Scale (VAS) and minimal or no pain at rest; and (v) familiar pain reproduced on at least three of the following five tests: Neer, Hawkins-Kennedy, Jobe, painful arc and external rotation resistance (33).

Exclusion criteria for the RCRSP group included: (i) neck pain within the last three months or a history of recurrent neck pain; (ii) history of prior shoulder surgery; (iii) signs or symptoms suggestive of radiculopathy, such as muscle weakness, hyporeflexia, or sensory changes; (iv) a positive Spurling or Arm Squeeze Test (34); (v) any systemic disease such as diabetes, fibromyalgia, rheumatoid arthritis, lupus, and/or neoplasms; (vi) shoulder pain of traumatic origin; (vii) passive shoulder external rotation ROM <45° or <50% compared to the contralateral shoulder, measured at 0° of shoulder abduction (35); (viii) positive sulcus sign for inferior instability and/or a positive drawer test and/or apprehension test for anterior and/or posterior instability (36); and (ix) current use of pain medication.
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FIGURE 1 - Flow chart depicting the study process.

Asymptomatic controls were required to be aged 18-65 years. Exclusion criteria for this group included: (i) shoulder and/or neck pain in the last three months; (ii) neurological dysfunction of the upper limb; (iii) current use of pain medication; and (iv) previous history of shoulder surgery.


Sociodemographic data and psychological variables

Sociodemographic data, including sex, age, height, and weight, were recorded for each participant. In addition, psychological variables were also assessed to further characterize the study samples. Kinesiophobia was measured using the Tampa Scale of Kinesiophobia (TSK-11), which scores from 0 (less kinesiophobia) to 100 (more kinesiophobia) and has shown good reliability values (37). Catastrophizing levels were also measured using the Pain Catastrophizing Scale (PCS), which exhibits acceptable reliability values (38).



Shoulder outcomes

Pain intensity during the last week and current pain intensity were registered using a Visual Analog Scale (VAS). The VAS is presented as a 10-cm line anchored by verbal descriptors, usually “no pain” and “worst imaginable pain,” which has been demonstrated to be a reliable and valid pain measurement method (39). The minimal clinically important difference (MCID) for the VAS in people with rotator cuff disease is 1.37 cm (p = 0.0255) (40).

Shoulder disability was assessed using the Spanish-validated version of the Shoulder Pain and Disability Index (SPADI) (41). The SPADI is a self-administered questionnaire scoring from 0 (no disability) to 100 (maximum disability) (42). It has a reported test-retest reliability of 0.89-0.93 and a minimal detectable change (MDC95) of 12.2% (43).



Neck outcomes

Neck AROM was assessed using a CROM© device (Performance Attainment Associates, Roseville, MN; Fig. 2).

This device has demonstrated high intra- and inter-examiner reliability for measuring angular movements (ICC = 0.68-0.95; ICC = 0.79-0.99, respectively) and good validity (r = 0.93-0.98) (44). Furthermore, the CROM device has small measurement errors (SEMs ranging from 1.6° to 2.8° and MDCs ranging from 3.6° to 6.5°) (44). Additionally, the CROM© device allows us to measure the position of the head and its displacement in the sagittal plane from maximum protraction to maximum retraction, with excellent intra-rater reliability (ICC = 0.94-0.98), inter-rater reliability (ICC = 0.73-0.98) and an adequate validity [(r) = 0.47-0.78] (45). The following neck movements were assessed: flexion, extension, lateral flexion, rotation, protraction, and retraction. For each movement, three measurements were taken and averaged.

Maximal isometric neck strength was measured using a handheld dynamometer (MicroFET 2©, Hoggan Health Industries, West Jordan, UT, USA; Fig. 3), which has shown excellent intra- and inter-examiner reliability (ICC=0.73-0.95 and ICC = 0.78-0.86) (46-48), with a SEM of 0.59-0.87 Kgf (46) and a MDC of 1.62-4.85 in healthy patients (46, 47).

Maximal voluntary isometric contractions (MVICs) were assessed for neck flexion, extension, and lateral flexion. Participants performed three MVICs for each movement, each held for 5 seconds, with 30 seconds of rest between repetitions. Flexion strength was tested in a supine position, extension in a prone position, and lateral flexion in a side-lying position. The dynamometer was placed against the participant's forehead (flexion), occiput (extension), and temporal region (lateral flexion) to ensure standardized placement. Participants were instructed to generate maximal force against the device without compensatory movements, which were minimized using a rigid strap secured at the T3 vertebra level. Verbal encouragement was provided to ensure maximum effort. The average of the three repetitions was used for analysis. An adjustable pillow was placed under the head during side-lying tests when necessary to maintain a neutral starting position (46).
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FIGURE 2 - Cervical AROM assessment. A: extension, B: flexion, C: lateral flexion, D: rotation, E: protraction, F: retraction.


[image: Image]
FIGURE 3 - Maximum isometric cervical strength assessment. A: flexion, B: lateral flexion, C: extension.

Neck PPTs were assessed with a digital algometer Wagner FDX-25 (Wagner Instruments, Greenwich, CT) with a 1 cm² probe. Algometry is a reliable method for assessing neck PPTs, with high intra- and inter-examiner reliability (ICC = 0.97 and 0.73-0.91), an SEM of 0.18-0.64 kg/cm² (49,50) and an MDC of 0.43 kg/cm² (50) in asymptomatic individuals. The algometer was positioned perpendicularly to the participant's skin. Pressure was then gradually increased at a rate of approximately 0.5 kg/s until pressure was reported as painful. Three consecutive measurements were obtained with a 30-second rest period between repetitions. Neck PPTs were measured bilaterally on the C5-C6 zygapophyseal joints due to their segmental relationship with the shoulder (28).

The order of all measurements, including AROM, neck muscle strength, and PPTs, was randomized to minimize potential bias and ensure consistency across participants. All measurements were conducted by two trained assessors using standardized protocols.

In the asymptomatic group, all bilateral neck measurements (e.g., PPTs, AROM in rotation) were performed on one randomly selected side. As asymptomatic participants do not have a “symptomatic” or “non-symptomatic” side, this approach allowed meaningful comparisons with the corresponding sides in the symptomatic group while maintaining consistency in the analysis.



Sample size calculation

The sample size calculation was based on the expected width of the 95% confidence interval for the adjusted mean difference from a multivariable linear regression model in neck rotation for the covariates age, height, weight, and sex, with an assumed 80% power, following Kelley and Maxwell's proposal (51). Calculations were performed using the “ss.aipe.reg.coef” function in the R package 'MBESS' (Ken Kelley (2022). MBESS: The MBESS R Package. R package version 4.9.2).

A correlation of 0.30 was assumed between the covariates, and a biserial-point-biserial correlation coefficient value of 0.24 was assumed between the pain factor and the covariates. A biserial-point-biserial coefficient was also assumed between the pain factor and the dependent variable (neck rotation ROM) 0.24, as well as a correlation of 0.30 between the covariates and the dependent variable. Finally, a standard deviation of 7º for neck rotation ROM was estimated based on previous published literature (52). A total width of the 95% confidence interval of 6º (±3º accuracy) was considered acceptable. With these data, the necessary sample size was determined to be 99 subjects, which was rounded up to 100 (50 subjects with RCRSP and 50 asymptomatic controls) to maintain a 1:1 ratio in the pain factor.



Statistical analysis

All statistical analyses were conducted using the software R v.4.1.0 (R Core Team (2021). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria). The width of the confidence interval for all analyses was set a priori to 95%.

The intra-rater reliability of the measurement procedures was evaluated using an intraclass correlation coefficient with an absolute agreement (ICC2,1) with the R package “irrICC.”

For the descriptive analysis of quantitative variables, the mean, standard deviation (SD), median, first and third quartiles, and minimum and maximum values were reported. For categorical variables, the absolute frequencies and percentages were reported. Furthermore, the correlation matrix between all quantitative variables, histograms, and Q-Q plots was also reported, as well as measures of kurtosis and skewness, aiming to evaluate the distribution of the data.

For the analysis of between-group differences on outcome measures, an ordinary least squares regression was used to estimate adjusted between-group differences for age, sex, height, and weight, using the package “rms” (Harrell, 2022). A percentile bootstrap procedure with 5,000 samples was used to calculate 95% confidence intervals for each mean difference using the package “boot” (Canty and Ripley, 2022). This type of analysis is a better choice than the traditional t-test because it allows for the estimation of between-group differences, adjusting for the confounding effects of multiple covariates and providing a better understanding of the relationship between shoulder pain and the outcome measures. These adjusted between-group differences are interpreted as mean differences between shoulder pain and healthy subjects, assuming both groups have the same values in the covariates (i.e., eliminating their influence in the observed differences).

For the analysis of the relationship between cervical ROM measures (adjusted for age, sex, height, and weight) and shoulder disability measured with the SPADI as well as shoulder pain intensity during the last week, two beta regression models were conducted using the package “betareg” (53). These factors were adjusted due to their potential influence on cervical ROM (54-56). Beta regression was selected because this model can cope with bounded variables, which present with heteroskedasticity and usually have non-linear relationships with other variables. In addition, beta regression prevents the predicted values and the upper and lower bounds of the confidence intervals from falling outside the bounding limits of the outcome variable.

The effect size of the predictor variables was presented as the odds ratio for the outcome measure as per unit change in the predictor variable, with a value of 1 meaning no association, a value >1 meaning a positive association, and a value <1 meaning a negative association. In addition, diagnostic plots were also constructed for each model to evaluate their adequacy. Finally, plots of significant predictor values versus fitted values (with 95% percentile predictor intervals), holding all other predictors constant (and sex set to female), were also constructed to facilitate the interpretation of the significant relationships observed.




Results

The final sample was composed of 50 subjects with RCRSP (26 male) with a mean age of 41.1 (SD, 13.80) years, and a mean body mass index of 24.99 (SD, 3.28), and 50 healthy controls (26 male) with a mean age of 36.76 (SD, 13.36) years, and a mean body mass index of 25.23 (SD, 3.74) (Fig. 1). The characteristics of participants are presented in Table 1, and the full descriptive statistics, including median, quartiles, and measures of kurtosis and skewness, are presented in Supplementary Material 2. Furthermore, the normal Q-Q plots are presented in Supplementary Material 3, and the histograms in Supplementary Material 4.

The intra-rater reliability of the range of motion measurements was good for healthy subjects, with an ICC2,1 value ranging from 0.838 to 0.968, and for pain subjects, with values ranging from 0.853 to 0.972. Regarding strength measurements, it was also good, with an ICC2,1 value ranging from 0.973 to 0.981 for healthy subjects and from 0.97 to 0.982 for pain subjects. Finally, reliability was also good for PPT measurements, ranging from 0.91 to 0.93 for healthy subjects and from 0.916 to 0.944 for pain subjects.


TABLE 1 - Characteristics of participants



	Variable
	N
	Mean
	SD
	Median
	N
	Mean
	SD
	Median





	Group
	Healthy group
	Shoulder pain group



	Sex
	50
	
	
	
	50
	
	
	



	Male
	26
	52%
	
	
	26
	52%
	
	



	Female
	24
	48%
	
	
	24
	48%
	
	



	Age, years
	50
	36.76
	13.36
	34
	50
	41.1
	13.80
	41.5



	Height, cm
	50
	170.6
	9.465
	170
	50
	169.98
	9.55
	169



	Weight, kg
	50
	73.92
	14.58
	74.5
	50
	71.32
	14.56
	69.6



	BMI, kg/m2
	50
	25.23
	3.74
	25.2
	36
	24.99
	3.28
	25.55



	Time with pain, days
	
	
	
	
	50
	469
	647.76
	182.5



	Dominant side
	50
	
	
	
	50
	
	
	



	... Left
	0
	0%
	
	
	7
	14%
	
	



	... Right
	50
	100%
	
	
	43
	86%
	
	



	Affected side
	0
	
	
	
	50
	
	
	



	... Left
	
	
	
	
	25
	50%
	
	



	... Right
	
	
	
	
	25
	50%
	
	



	Previous shoulder pain (beyond the last three months)
	50
	
	
	
	50
	
	
	



	... No
	45
	90%
	
	
	39
	78%
	
	



	... Yes
	5
	10%
	
	
	11
	22%
	
	



	Previous neck pain (outside the last three months)
	50
	
	
	
	50
	
	
	



	... No
	42
	84%
	
	
	35
	70%
	
	



	... Yes
	8
	16%
	
	
	15
	30%
	
	



	Pain (actual)
	
	
	
	
	50
	3.95
	2.55
	3



	Pain (last week)
	
	
	
	
	50
	4.85
	1.86
	4.2



	SPADI (pain)
	
	
	
	
	50
	46.16
	22.63
	43



	SPADI (disability)
	
	
	
	
	50
	26.8
	21.9
	24.38



	SPADI (total)
	
	
	
	
	50
	32.738
	19.36
	32.31





Abbreviations: SD, standard deviation; BMI, body mass index; SPADI, Shoulder Pain and Disability Index.



Between-group differences in neck AROM

The descriptive statistics of all neck AROM outcome measures and the adjusted mean differences are presented in Table 2.

The adjusted analyses revealed a significant between-group difference in neck rotation, with the RCRSP group showing less neck rotation towards the affected shoulder (mean difference, −5.19°; 95% CI, −8.84° to −1.38°) compared to asymptomatic controls. There were no significant differences in the other neck AROM measures (Table 2).



Between-group differences in neck muscle strength

Regarding neck muscle strength, there were no significant adjusted mean between-group differences (Table 2).



Between-group differences in neck PPTs

The RCRSP group showed greater pain sensitivity in the cervical spine (i.e., lower neck PPTs) both in the side of the affected shoulder (mean difference, −1.49 kg/cm2; 95% CI, −1.99 to −1.00) and unaffected shoulder (mean difference, −1.42 kg/cm2; 95% CI, −1.98 to −0.91) compared to asymptomatic controls.



Relationship between neck AROM and shoulder pain and disability in the RCRSP group

The full model statistics and coefficients for each predictor are presented in Tables 3 and 4, and the diagnostic plots are presented in Supplementary Material 5.


TABLE 2 - Between-group differences



	Variable
	Healthy (n = 50), mean (SD)
	Shoulder pain (n = 50), mean (SD)
	Adjusted mean difference# (95% CI)£





	Neck range of motion, degrees



	Neck protraction
	5.50 (1.36)
	4.94 (1.79)
	-0.45 (-1.04 to 0.11)



	Neck retraction
	3.44 (0.99)
	3.57 (1.13)
	0.24 (-0.18 to 0.62)



	Neck rotation (affected side)
	71.74 (10.03)
	64.95 (10.57)
	-5.19 (-8.84 to -1.38) *



	Neck rotation (unaffected side)
	
	67.13 (11.52)
	-2.90 (-6.50 to 1.01)



	Neck lateral flexion (affected side)
	41.03 (9.22)
	40.60 (9.38)
	1.13 (-1.83 to 4.34)



	Neck lateral flexion (unaffected side)
	
	39.89 (9.20)
	-0.03 (-3.19 to 3.22)



	Neck flexion
	58.15 (10.80)
	56.59 (11.53)
	-0.97 (-5.16 to 3.09)



	Neck extension
	71.04 (12.51)
	66.20 (15.53)
	-2.81 (-7.83 to 1.91)



	Neck strength, kgf



	Neck lateral flexion (affected side)
	12.28 (5.90)
	12.34 (6.41)
	0.95 (-0.81 to 2.66)



	Neck lateral flexion (unaffected side)
	
	12.42 (6.75)
	1.01 (-0.70 to 2.75)



	Neck flexion
	10.55 (5.66)
	9.52 (5.56)
	-0.08 (-1.66 to 1.41)



	Neck extension
	15.16 (6.23)
	14.47 (6.83)
	0.41 (-1.38 to 2.21)



	Mechanosensitivity and psychological outcomes



	PPT (affected side), kg/cm2
	3.35 (1.63)
	1.90 (1.01)
	-1.49 (-1.99 to -1.00) *



	PPT (unaffected side), kg/cm2
	
	1.97 (1.16)
	-1.42 (-1.98 to -0.91) *



	PCS
	8.24 (9.66)
	9.68 (9.06)
	1.17 (-2.72 to 5.03)



	TSK-11
	19.14 (4.42)
	23.42 (6.78)
	3.80 (1.55 to 6.22) *





#Adjusted for age, height, weight, and sex. £Confidence intervals based on a percentile bootstrap procedure with 5,000 samples. Abbreviations: SD, standard deviation; CI, confidence interval; PPT, pressure pain threshold; PCS, Pain Catastrophizing Scale; TSK, Tampa Scale for Kinesiophobia. * p < 0.05


The evaluation of diagnostic statistics and plots of the first model, with the SPADI as the dependent variable, revealed two influential subjects (namely 2 and 28) with Cook's distance above 0.60. The estimated pseudo-R2 of this model was 0.36. The model was developed again without these two influential values, which improved the diagnostic plots (Supplementary Material 5) and revealed an increase in the pseudo-R2 value up to 0.47 (Table 3). This model showed a significant regression coefficient for age (OR per unit change = 1.03), meaning that for each increment in one unit of age, there is an estimated odds ratio of 1.03 for the expected increment in SPADI, neck flexion (OR per unit change = 1.03), neck protraction (OR per unit change = 0.85), and neck lateral flexion towards the side of the affected shoulder (OR per unit change = 1.04)

Since no relevant issues were identified in the examination of diagnostic plots (Supplementary Material 5), the full sample was used to develop a model for shoulder pain intensity during the last week. This model explained 33% of the variance in shoulder pain intensity during the last week, as measured by a pseudo-R2 value of 0.33. There were significant regression coefficients for age (OR per unit change = 1.02), weight (OR per unit change = 1.02), neck lateral flexion towards the affected shoulder (OR per unit change = 1.04), and neck rotation towards the affected shoulder (OR per unit change = 0.98) (Table 4).

The predicted value of SPADI and pain intensity as a function of the significant predictor parameters holding all other predictors constant at the mean are presented in Supplementary Material 6, aiming to improve the interpretation of the significant relationships observed.




Discussion

This observational study investigated differences in cervical sensorimotor variables between individuals with RCRSP and asymptomatic controls, including neck AROM, neck muscle strength, and neck PPTs. Potential associations between cervical AROM and shoulder pain and disability in individuals with RCRSP were also explored. Our results showed that people with RCRSP had a bilateral increase in pain sensitivity in the cervical region, as reflected by lower bilateral neck PPTs and reduced neck active rotation towards the affected shoulder compared to asymptomatic controls. Furthermore, significant associations were found between neck AROM in different directions (neck flexion, protraction, and lateral flexion toward the affected shoulder) and SPADI scores in the RCRSP group. Additionally, neck lateral flexion and rotation towards the affected shoulder were associated with self-reported pain intensity during the last week in this group.


TABLE 3 - Beta regression for Shoulder Pain and Disability Index



	Parameter
	Regression (B) coefficient (95% CI)
	OR





	Intercept
	−5.04 (−11.72 to 1.63)
	0.01



	Age
	0.03 (0.01 to 0.05) *
	1.03



	Weight
	0.02 (−0.01 to 0.04)
	1.02



	Height
	0.01 (−0.04 to 0.05)
	1.01



	Sex (male = 1)
	0.66 (−0.05 to 1.38)
	1.94



	Neck flexion
	0.03 (0.01 to 0.05) *
	1.03



	Neck extension
	−0.001 (−0.02 to 0.02)
	1.00



	Neck protraction
	−0.16 (−0.29 to -0.03) *
	0.85



	Neck retraction
	−0.11 (−0.34 to 0.12)
	0.90



	Neck lateral flexion (affected side)
	0.04 (0.01 to 0.07) *
	1.04



	Neck lateral flexion (unaffected side)
	−0.013 (−0.05 to 0.03)
	0.97



	Neck rotation (affected side)
	−0.03 (−0.06 to 0.003)
	0.99



	Neck rotation (unaffected side)
	0.01 (−0.02 to 0.04)
	1.01



	
Standardized weighted residuals 2:

 Min 1Q Median 3Q Max

−2.04 −0.89 −0.04 0.91 2.54

Phi coefficient (precision model with identity link):

 Estimate Std. Error z value  95% CI 

(phi) 11.94 2.38  5.03 7.29 to 16.60

Type of estimator: maximum likelihood

Log-likelihood: 34.4 on 14 degrees of freedom

Pseudo R-squared: 0.474






Abbreviations: CI, confidence interval; 1Q, first quartile; 3Q, third quartile. OR refers to the odds ratio for the outcome measure per unit change in the predictor variable. * p < 0.05



Neck AROM

Our study revealed a significant decrease in neck rotation towards the affected shoulder among patients with RCRSP compared to asymptomatic controls. This finding seems to align with previous studies where limitations in cervical ROM were reported in individuals with shoulder pain (15,20,22). However, Rebelatto et al. found a substantial reduction in cervical extension AROM, but not rotation, in patients with RCRSP, compared to controls (22). These differences may be due to several various factors, including the methodology used to select the neck side for neck AROM assessment in healthy subjects (dominance matched to their symptomatic counterparts in Rebelatto et al. study versus random selection in our case), differing inclusion criteria such as the duration of symptoms (4 weeks vs. 3 months) or pain intensity levels for the RCRSP group.

Cervical radiculopathy/radicular pain might be a contributing factor to shoulder pain in some patients (57). Cervical rotation and extension can narrow the intervertebral foramina (58,59), so limitations in these movements in people with shoulder pain, including RCRSP, as reported in Rebelatto and colleagues' study and ours, might indicate a protective mechanism to prevent further nerve compression in the presence of a subclinical cervical nerve root problem. Indeed, limited cervical ipsilateral rotation has been included as a diagnostic criterion for cervical radiculopathy (60).

Alternatively, these restrictions in AROM might represent a motor adaptation or avoidance strategy resulting from pain, which is a common phenomenon in musculoskeletal conditions (61). Furthermore, psychological factors such as fear of movement (kinesiophobia) may also influence these findings. In our study, patients with RCRSP exhibited significantly higher levels of kinesiophobia compared to asymptomatic participants, as reflected by their TSK-11 scores (mean difference: 3.80; 95% CI: 1.55-6.22). This aligns with the fear-avoidance model, which proposes that pain-related fear can result in reduced mobility and activity (62). Moreover, previous research has shown that psychological factors, including kinesiophobia, can significantly affect joint range of motion in musculoskeletal pain conditions (63).



Neck muscle strength

Few studies have examined the role of impaired function of cervical muscles in people with shoulder pain (22,24,25). We did not find significant differences in neck muscle strength between individuals with RCRSP and asymptomatic subjects, which is in accordance with Rebelatto et al.'s findings (22). However, neither of the two studies assessed maximal isometric rotational strength, which could be important considering the differences in neck rotation found in our study.


TABLE 4 - Beta regression for pain intensity within the last week



	Parameter
	Regression (B) coefficient (95% CI)
	OR





	Intercept
	−0.18 (−6.43 to 6.07)
	0.84



	Age
	0.02 (0.003 to 0.04) *
	1.02



	Weight
	0.02 (0.001 to 0.05) *
	1.02



	Height
	−0.02 (−0.06 to 0.02)
	0.98



	Sex (male = 1)
	0.40 (−0.24 to 1.05)
	1.50



	Neck flexion
	0.02 (−0.004 to 0.04)
	1.02



	Neck extension
	0.01 (−0.01 to 0.02)
	1.01



	Neck protraction
	0.001 (−0.13 to 0.13)
	1.00



	Neck retraction
	0.10 (−0.10 to 0.29)
	1.10



	Neck lateral flexion (affected side)
	0.04 (0.01 to 0.07) *
	1.04



	Neck lateral flexion (unaffected side)
	−0.02 (−0.05 to 0.01)
	0.97



	Neck rotation (affected side)
	−0.03 (−0.05 to -0.001) *
	0.98



	Neck rotation (unaffected side)
	0.01 (−0.02 to 0.03)
	1.01



	
Standardized weighted residuals 2:

 Min 1Q Median  3Q Max

-2.33  -0.82 -0.12  0.77 2.13

Phi coefficient (precision model with identity link):

 Estimate Std. Error z value  95% CI 

(phi) 9.95 1.90   5.23 6.22 to 13.68

Type of estimator: maximum likelihood

Log-likelihood: 25.39 on 14 degrees of freedom

Pseudo R-squared: 0.33







Abbreviations: CI, confidence interval; 1Q, first quartile; 3Q, third quartile. OR refers to the odds ratio for the outcome measure per unit change in the predictor variable. * p < 0.05


Beyond maximal isometric neck strength, evaluating the specific function of the deep cervical musculature in people with RCRSP may warrant further investigation. Some studies have suggested a potential link between the function of the deep cervical muscles and upper limb (23-25). Therefore, analyzing the function of the deep cervical muscles by means of tests such as the craniocervical flexion test or the deep neck flexors endurance test in people with RCRSP may offer a more comprehensive understanding of cervical muscle (dys)function in this population (64).



Neck PPTs

Studies examining neck PPTs in patients with shoulder pain have yielded inconsistent results (22,25-28). Similar to our study, Rebelatto et al. found decreased PPT values measured in the upper trapezius in patients with RCRSP compared to healthy controls on both affected and unaffected sides. However, we observed larger differences in PPT values between patients and asymptomatic controls (−1.41 kg/cm² vs. −0.4 kg/cm² on the affected side, −1.52 kg/cm² vs. −0.66 and 0.4 kg/cm² on the unaffected side). Furthermore, reduced PPTs have been identified bilaterally at the C5-C6 zygapophyseal joint in male wheelchair basketball players with unilateral shoulder pain compared to asymptomatic basketball players (with or without wheelchairs) (27). Another study by Hidalgo-Lozano et al. reported lower neck PPTs in the levator scapulae of subjects with Subacromial Impingement Syndrome (SIS) compared to healthy subjects (26). However, this study only included right-handed subjects with dominant side involvement, and measurements were taken solely on that side. Additionally, the study had a small sample size (10 healthy subjects and 12 patients with SIS).

Hidalgo-Lozano et al. also conducted a similar study comparing PPTs on the dominant side of the levator scapulae, upper trapezius, sternocleidomastoid, and anterior scalene muscles in elite swimmers with and without shoulder pain, as well as asymptomatic elite athletes (25). The results indicated reduced PPT levels in swimmers with shoulder pain compared to elite athletes across all muscles. However, no significant differences were found between elite swimmers with and without shoulder pain. Other studies have reported no significant differences in neck PPTs measured over the upper trapezius, levator scapulae, and articular pillar of the C5-C6 zygapophyseal joint when comparing the affected and unaffected sides of patients with SIS to the dominant side of healthy controls (28).

Several factors could contribute to the observed inconsistencies in neck PPT results in people with shoulder pain, including RCRSP, such as variations in inclusion criteria, sample size, measurement site (e.g., upper trapezius vs. C5-C6 zygapophyseal joints), or failure to adjust for potential confounders.

The bilateral increase in pain sensitivity observed within the cervical region of RCRSP patients in this study may reflect both peripheral and central sensitization processes (65). While the role of central nervous system sensitization in shoulder pain remains inconsistent (66), our findings of widespread mechanical hyperalgesia in the neck region suggest potential alterations in central pain processing among RCRSP patients. The inclusion of a remote PPT measurement (e.g., tibial anterior) may have provided a better opportunity to investigate the role of centrally-mediated mechanisms.

Hyperactivity of the upper trapezius muscle, which has been reported in patients with RCRSP (67), may also contribute to reduced PPTs in this population. Excessive activation of this muscle could lead to increased nociceptive input or myofascial pain syndromes, which are known to reduce pain pressure thresholds (68). Additionally, psychological factors, such as fear-avoidance beliefs and kinesiophobia, may further exacerbate pain sensitivity in this population (69).



Associations between neck AROM and shoulder pain and disability

The results suggest that neck mobility may be closely linked to shoulder function, reinforcing the concept of an interplay between these regions. Arm elevation requires adequate cervicothoracic mobility to ensure efficient scapular and shoulder mechanics (12,13). A lack of mobility in this region could impair the functionality of the rotator cuff and scapular muscles, potentially increasing the risk of shoulder dysfunction (15,70). However, given the modest strength of the associations observed, these results should be interpreted with caution.



Implications for clinical practice and future research

This study highlights the importance of evaluating the cervical spine in individuals diagnosed with RCRSP. The assessment of neck AROM may complement clinical evaluation when used alongside validated questionnaires for assessing shoulder pain and disability levels. Additionally, reduced cervical rotation towards the side of the shoulder with RCRSP may indicate a contribution of the cervical spine in the patient's symptoms (e.g., subclinical cervical nerve root problem). As no standardized protocols for assessing the cervical spine in patients with shoulder pain, including people with RCRSP are not available (71), future research should work on this aim.

Further research is needed to clarify the relationship between cervicothoracic mobility and shoulder pain and function. Longitudinal studies in initially asymptomatic populations, assessing cervical mobility prior to the onset of shoulder pain, could help determine whether cervical impairments are a cause or consequence of shoulder pain. Predictive models could also identify key factors, including cervicothoracic mobility, associated with the onset or persistence of shoulder pain. Interventional studies are warranted to evaluate the effects of improving cervicothoracic mobility on pain and functional outcomes in patients with RCRSP.

Moreover, investigating the role of cervical motor control and deep cervical musculature in RCRSP could provide valuable insights. As discussed earlier, targeted tests, such as the cranio-cervical flexion test and the deep neck flexor endurance test, may enhance our understanding of cervical muscle dysfunction and its impact on shoulder pain and function in this population.

Although the present study did not assess the interrelationships between cervical ROM, muscle strength, and pain sensitivity, this remains an important area for future research. Given the complexity of sensorimotor interactions in the cervical region, studies should explore how these variables influence one another and whether specific impairments contribute to overall dysfunction in individuals with RCRSP. Such investigations would require larger sample sizes and advanced statistical models, such as mediation or moderation analyses, to provide a more comprehensive understanding of these interactions.



Study limitations

Several limitations should be considered when interpreting the results of this study. First, assessors were not blinded to participants' pain status, potentially introducing bias and reducing the study's internal validity. Second, the levels of participants' physical activity were not assessed, which could have influenced the observed differences in PPTs (72). Third, the absence of a neck disability questionnaire (e.g., Neck Disability Index) may have led to the inclusion of asymptomatic individuals with functional limitations in the neck despite not reporting neck pain, potentially affecting the results (70). Additionally, although participants with shoulder or neck pain within the last three months were excluded, we cannot rule out the possibility of residual impairments in those with a remote history of pain. Future studies should consider incorporating objective assessments, such as imaging or functional tests, to confirm the absence of such impairments. Moreover, the generalizability of the study's results may be limited to populations with RCRSP and may not necessarily extend to other shoulder conditions, thus affecting external validity. Finally, the cross-sectional design precludes establishing causality, leaving open the question of whether our observations in the cervical spine represent a predisposing factor to shoulder pain, a consequence of the painful shoulder process, or an underlying cervical cause of shoulder pain.




Conclusion

This study investigated cervical variables in individuals with RCRSP, revealing differences in cervical AROM and PPTs compared to asymptomatic controls. The observed associations between cervical variables and shoulder pain and disability further support the concept of regional interdependence in people with shoulder pain. Our findings emphasize the need for a comprehensive approach to RCRSP assessment and management including potentially contributing factors from the cervical spine.
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