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Abstract  
 

Background  
Performance measures that assess the upper limb disability (ULD) in patients 
with neck pain can provide useful information for making clinical decisions 
regarding the optimal management of those patients. The Single Arm Military 
Press (SAMP) test is a performance based ULD measure developed specifically 
for populations with neck pain. In this test, patients are asked to lift a 1kg 
weight repetitively overhead for 30 seconds with repetitions counting as the 
score. Whilst the test has been shown to be acceptable and feasible for use by 
clinicians and patients, its reliability in a patient group is still unknown. 
 
Objective 
To assess the interrater, intrarater reliability and measurement error of the 
SAMP test in patients with non-specific neck pain (NSNP). 

 
Methods 
A total of 210 patients with NSNP and 81 healthy subjects were recruited for 
this study. The Disabilities of the Arm, Shoulder and Hand (DASH) and the 
Neck Disability Index (NDI) were assessed at baseline to ensure eligibility of 
the participants. The SAMP test was assessed at baseline and repeated 4 to 7 
days later. A VAS symptom score was used to establish the stability of the 
participants across time. Interrater, intrarater reliability and measurement error 
were evaluated using Interclass Correlation Coefficient (ICC2,1) and the 
standard error of measurement (SEM). 
 
Results 

The ICCs for interrater and intrarater reliability for the SAMP test ranged from 
0.993 to 0.996 in the patient group. The SEM was ≤ 1 and smaller than the 
Smallest Detectable Change (SDC) and Bland-Altman plot indicated that the 
test is accurate. 

 
Conclusion  
The almost perfect interrater and intrarater reliability and low levels of 
measurement error indicate that the 1kg SAMP test has potential for evaluating 
upper limb functional capacity in female patients with NSNP. Before the test 
can be fully recommended, further studies are required to evaluate the validity 
and responsiveness of the SAMP test in population with NSNP and other neck 
disorders. 

 
Keywords: Neck Pain, Upper Limb Function, Disability, Outcome Measure, Reliability. 
 

Funding acknowledgements: This research was unfunded 



1. Background  
 
Non-specific neck pain (NSNP) is defined as pain or discomfort in the neck and/or shoulder 

girdle with or without pain referred to the arms. Symptoms vary with physical activity and 
over time and frequently no disease or pathoanatomical cause can be identified. The cause is 
usually multifactorial and may include poor posture, neck strain, sporting and occupational 
activities, anxiety and depression [National Institute for Health and Care Excellence (NICE), 

2018). It is common and frequently causes pain, motor weakness and impairment in the neck 
and upper limbs [Walker-Bone et al., 2002]. NSNP can have a substantial effect on quality 
of life, work absenteeism and loss of productive capacity [Walker-Bone et al., 2004; 
Huisstede et al., 2006]. Upper limb disability (ULD), which is defined here as the limitation 

an individual may have when performing physical activity using the upper limbs such as 
carrying, lifting and overhead activity [World Health Organisation (WHO), 2001], can arise 
from a spectrum of clinical conditions including NSNP [Frank et al., 2005; McLean et al., 
2007]. ULD and NSNP often co-exist and more than 80% of patients with NSNP report 

difficulties with daily activities that involve functional loading of the upper limbs [Osborn 
and Jull, 2013; McLean et al., 2011]. The mechanisms which cause these conditions to co- 
exist are not clear but may relate to the mechanical attachment between the neck and upper 
limb via skeletal, muscular, neural structures or through psychological mechanisms such as 

low pain self-efficacy [Lee et al., 2015; Ahmed et al., 2019]. Consequently, a thorough 
assessment of NSNP will include the use of a suitable upper limb functional capacity 
measurement instrument to quantify any co-existing ULD. This information may then be 
used to help develop an upper limb rehabilitation plan as indicated [Osborn and Jull, 2013; 

McLean et al., 2011]. 
 
A wide range of ULD measurement instruments have been proposed for patients with neck 
pain [Alreni et al., 2017]. Some are Patient-Reported Outcome Measures (PROMs), whereas 

others are Performance-Based Outcome Measures (PBOMs) [Stock et al., 2003; Huisstede et 
al., 2009; Mehta et al., 2010; Lomond et al., 2011]. The Single Arm Military Press (SAMP) 
test is a PBOM designed to measure ULD in patients with NSNP [McLean et al., 2010]. It is 
a simple test that can be efficiently administered by clinicians with varying experience in 

any setting using readily available and inexpensive equipment (one dumbbell) in less than 
two minutes [Alreni et al., 2020]. Furthermore, since it is a PBOM, the SAMP test has the 
theoretical advantages of better reliability, greater sensitivity to change and lower 
vulnerability to external variance e.g. culture, cognition, language and level of education 

[Curb et al., 2006; Pinheiro et al., 2016]. 
 
Reliability is an essential requirement of all outcome measures; poor reliability with a high 
level of measurement error would limit the extent to which the findings of an instrument can 

be trusted. Consequently, this would reduce the usefulness and the clinical utility of that 
instrument [de vet et al., 2011]. Reliability concerns the extent to which the measurement of 
stable patient can be reproduced when the same instrument is used at different moments, in 
different conditions, by different examiners or by the same examiner at different times 

[Streiner et al., 2015]. 
 
Content validity of the 1kg SAMP test was established and preliminary investigation 
suggested that the test was deemed a feasible and suitable measure of ULD by patients with 

NSNP and clinicians [Alreni et al., 2020]. However, it is not known whether the 1kg SAMP 
test is reliable for use by clinicians for patients with NSNP. Consequently, the aim of this 
study was to investigate the interrater and intrarater reliability and measurement error of the 



SAMP test in female patients with NSNP and healthy subjects. Based on previous studies 
[McLean et al., 2010], we hypothesised that (1) the ICC would be (≥ 0.90) for interrater 
reliability, (2) the ICC would be (≥ 0.90) for intrarater reliability, (3) the Standard Error of 

Measurement (SEM) would be (≤ 1) and smaller than the Smallest Detectable Change 
(SDC) for measurement error. 
 

2. Methods  
 

2.1 Study design  
 

This large-scale reliability study was conducted as a part of a larger research project, which 
explored the clinical management and measurement of NSNP and its associated disabilities. 

The study investigated the reliability of the 1kg SAMP test in female patients with NSNP. 
This study was conducted in accordance with the “COnsensus-based Standards for the 
selection of health Measurement INstruments” (COSMIN) checklist recommendations 
[Mokkink et al., 2010; Terwee et al., 2012, 2018] and reported in accordance with the 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
Statement: guidelines for reporting observational-cohort studies [von Elm et al., 2007].  
  

2.2  Study sample and recruitment  
 
Participants were recruited from the Rheumatology and Physical Therapy Department at the 
TUTH and female patients were included if they: (1) had acute, sub-acute or chronic NSNP 
with or without referred symptoms into the upper limbs; (2) were at least 18 years of age, (3) 

were able to travel independently to the testing hospital; and (4) scored at least 10 (ou t of 
100) in the Neck and Disability Index (NDI) and 26 (out of 100) in the Disability of the 
Arm, Shoulder and Hand (DASH) questionnaires. Patients were excluded if they had: (1) 
any potentially serious conditions (e.g. systemic disease, progressive or worsening 

neurological disorders, inflammatory conditions or major trauma), (2) a neck condition that 
requires urgent treatment or (3) previous traumatic injury to the neck (e.g. Whiplash 
Associated Disorder ‘WAD’, Cervical Radiculopathy), upper limbs and/or shoulder that 
resulted in current or prolonged disability. Meanwhile, healthy subjects were recruited from 

the general population by announcement via social network sites, personal networking and 
posters/flyers within Tanta University and Tanta city centre. Healthy subjects were included 
if they: (1) were at least 18 years of age, (2) had no history of head/neck/upper limb trauma; 
(3) had no current or recent neck or upper limb problems (within the last 3 months); and (4) 

were females. Healthy subjects were frequency matched with prospective patient participants 
regarding age, weight and height. 
 
A list of patients was obtained from TUTH and potential participants, patients and healthy 

subjects, were invited to attend a further assessment and two testing sessions, if initial 
eligibility was confirmed. In the first testing occasion, participants completed the NDI and 
DASH questionnaires in order to confirm the presence of NSNP and ULD [Vernon and 
Mior, 1991; Hudak et al., 1996]. This was followed by a subjective examination, in which 

standardised clinical questions were used and the neck and upper limb symptoms severity 
was measured using the Visual Analogue Scale (VAS) 0-10 [Bond and Lader, 1974]. VAS 

scores were used to investigate whether subjects remained stable between testing sessions. 
Participants that met the eligibility criterion were asked to sign a consent form and were then 

allocated to the first SAMP testing.   
 



2.3  Outcome measures 
 

The SAMP test and two PROMs (NDI and DASH) alongside the VAS were used in this 

study. A brief description of each instrument used are given below.    
 

2.3.1 The SAMP test  
 
The SAMP test is a PBOM which measures the strength and endurance of the upper limb in 

an overhead activity, with the expectation that an individual’s ability to lift a dumbbell and 
sustain repetitive overhead activity within 30 seconds would discriminate between healthy 
subjects and patient groups with varying degrees of ULD. The test is conducted with the 
patient in a standing position with their feet positioned at shoulder width. The patient is asked 

to hold a 1kg dumbbell and lift it, using their dominant hand, to shoulder level (see Figure 
1A). The patient is requested to raise their hand with the dumbbell directly overhead by 
extending the elbow (see Figure 1B) and repeat this process as fast and as frequently as 
possible for 30 seconds [McLean et al., 2010]. The SAMP test is a quick and easy assessment 

requiring the use of readily available and inexpensive equipment (1kg dumbbell) for less than 
2 minutes. Scoring the SAMP test involves counting the number of correctly performed 
repetitions completed within 30 seconds. The feasibility and content validity of the 1kg 
SAMP test was previously established in female patients with NSNP [Alreni et al., 2020].  

 
 
 
 

 



2.3.2 The Neck Disability Index (NDI) Questionnaire 
 
The NDI is a standardised PROM developed and extensively validated to measure a patient’s 

disability due to neck pain [Vernon and Mior, 1991]. It has 10 items; 7 items related to 
activities of daily living, 2 items related to pain, and 1 item related to concentration. Each 
item is scored from 0-5 and a total score is expressed as percentage score, with higher scores 
indicating greater disability. The NDI has been found to be reliable, valid and responsive in 

numerous patient populations, including patients with acute and chronic NSNP, as well as 
those with neck pain due to whiplash-associated disorders and cervical radiculopathy 
[MacDermid et al., 2009; Bobos et al., 2018]. The NDI was translated and culturally-adapted 
in Arabic and its reliability and validity were determined in Arabic-speaking patients with 

neck pain [Shaheen et al., 2013].   
 

2.3.3 The Disability of the Arm, Shoulder and Hand (DASH) questionnaire 
 
The DASH is a standardised PROM developed primarily to evaluate the upper limb 

symptoms as a single functional unit [Hudak et al., 1996]. The DASH uses 30-items related 
to difficulty when performing activities which use the upper limb (arm, shoulder and hand). 
The dimension physical function comprised 21-items, pain 5-items and emotional/social 
function comprised 4-items. Each item is scored on a 1-5 scale. A total score is calculated by 

summing item scores and transforming them into a score from 0-100 where 0 equals no 
disability and 100 equals the most severe disability. Since its development, the measurement 
properties of the DASH questionnaire have been extensively evaluated for a variety of upper 
limb conditions, translated and cross-culturally adapted into over 40 different languages, 

including Arabic-Speaking patient populations [Beaton et al., 2001; Bot et al., 2004; Roy et 
al., 2009; Alotaibi et al., 2010]. The DASH was also validated to measure ULD in patients 
with NSNP [Huisstede et al., 2009; Mehta et al., 2010].  
 

2.3.4 Visual Analogue Scale (VAS) 
 
The VAS with 0-10 response categories, where 0 indicates no symptoms and 10 indicates the 
worst possible symptoms, was used to measure the NSNP and ULD severity fo r patient 

participants pre-testing in the two sessions. The VAS (0-10) scale has been extensively 
validated and found to be reliable, valid and responsive in measuring symptom severity in 
patients with various musculoskeletal conditions including neck and upper limb symptoms 
[Bond and Lader, 1974; McCormack et al., 1988; Wewers and Lowe, 1990; Jaeschke et al., 

1990].  

 
2.4 Testing procedure and data collection  
 
A total of four examiners, physicians, with at least 3-years of experience of working with 

musculoskeletal patients were involved in the data collection. Prior to the first testing, all 
examiners attended a 30-minute practical training and information session delivered by the 
lead author. This covered the purpose of the study, a brief outline of the SAMP test 
description and practical application, a standardised demonstration of the warm-up and the 

SAMP scoring system. Two pairs of examiners were then formed for testing the participants, 
each pair consisted of an A (rater) and B (co-assessor).   
 



The SAMP testing was conducted on two different occasions with 4-7 days interval [de Vet 
et al., 2011], by a pair of examiners independently but simultaneously for each patient. 
Meanwhile healthy subjects were tested by one examiner only. The testing started with a 

brief warm-up followed by description and demonstration of the SAMP procedure by the 
rater. The participant performed 2-3 reps of the test to ensure correct performance of the 
technique, then after a short rest was asked to perform the SAMP test for 30 seconds. A data 
collection sheet was completed by a rater and co-assessor for each patient, recording the 

SAMP score. On the second occasion, the neck and upper limb symptoms severity were 
remeasured using VAS to ensure that participants remained stable between testing sessions. 
Participants were SAMP tested again by the same examiners, though they had swapped their 
rater and co-assessor. The second occasion was in the same venue at a similar time of the 

day. Participants were discharged following the conclusion of the second test.  

 
2.5 Sample size and data analysis  
 
A sample size of more than 100 is recommended for reliability testing based on the COSMIN 

checklist recommendations in order to obtain a Confidence Interval (CI) > 0.90 around 
Interclass Correlation Coefficient (ICC) of 0.90-0.95 [de Vet et al., 2011]. A larger than 
required sample was recruited for further subsequent analysis conducted in additional validity 
studies.    

 
Data were transferred into Excel and then to SPSS (IBM SPSS Statistical Software, version 
24.0) for further analysis. Descriptive statistics (mean, standard deviation, standard error of 
mean, and 95% confidence interval) were computed for the SAMP test for patient 

participants and healthy subjects. The Shapiro-Wilk test was used to check for normal 
distribution of the primary data and for suitability for analysis using parametric statistics 
[Cramer, 1998; Doane and Seward, 2011; Razali and Wah, 2011]. 
 

The reliability (interrater and intrarater) and measurement error of the SAMP test were 
evaluated using the COSMIN checklist recommendations [Mokkink et al., 2010; Terwee et 
al., 2012, 2018]. Interrater reliability concerns the extent to which scores of the same subject 
are unchanged when using the same instrument on the same occasion by different examiners. 

It was calculated for the two independent but simultaneous examiners (rater and co-assessor) 
across two testing occasions. Intrarater reliability concerns the extent to which scores for the 
same subject are unchanged for repeated measurement by the same examiner on different 
occasions with appropriate time interval. It was calculated for examiner A and B across two 

testing occasions. ICC2,1 with 95% Confidence Interval (CI) was used to calculate the 
interrater and intrarater reliability of the SAMP test [de Vet et al., 2011]. The ICC2,1 scoring 
interval for interpretation was categorised as follows: 0.000 > ICC2,1 as poor; 0.00 < ICC2,1 ≤ 
0.20 as slight; 0.21 < ICC2,1 ≤ 0.40 as fair; 0.41 < ICC2,1 ≤ 0.59 as moderate; 0.60 < ICC2,1 ≤ 

0.79 as substantial (high); and 0.80 < ICC2,1 ≤ 1.00 as almost perfect (very high) [Landis and 
Koch, 1977].  
 
Measurement error is the systematic and random error of a subject’s score, which cannot be 

attributed to a true change in the construct being measured. It is the absolute measurement 
error over repeated measurements and expressed by the Standard Error of Measurement 
(SEM). It is the standard deviation of the errors of measurement that are associated with the 

instrument’s scores and is equal to the square root of the error variance ( σ2 error) [de Vet et 

al., 2006]. SEM was derived using a two-way analysis of variance (ANOVA) ICC2,1 
[McGraw and Wongs, 1996]. The Smallest Detectable Change (SDC) represents the minimal 



change that a patient must show on an instrument to ensure that the observed change is true 
and not related to measurement errors [Bland and Altman, 1996]. It was calculated using the 

formula: (SDC = 1.96 × 2 × SEM). Low levels of SEM which should be smaller than the 

SDC indicate high levels of score accuracy [Vincent and Weir, 2012]. The Bland-Altman 
95% limit of agreement (LoA), which calculates the measurement error was also reported. 
Bland-Altman plot was used to examine the agreement between the scores obtained with 

SAMP test administered on two occasions. The 95% limits of agreement between the scores 
was calculated using the formula: (95% CI Upper Limits = (SD ×1.96) + Mean; 95% CI 

Lower Limits = Mean − (SD × 1.96). The plot is in number of repetitions, which is the unit 
of measurement of the SAMP test [Bland and Altman, 2007]. 
 

3. Results  
 
The flow of patient participants and controls through each stage is presented in Figure 2. A 
list of 300 patients was obtained from the Rheumatology and Physical Therapy Department 
TUTH. Following a phone screening, 250 patients were eligible and willing to voluntarily 

participate in the study. Thirty patients were ineligible, 20 patients declined and 40 patients 
did not turn-up for their first assessment and testing session. Following the subjective 
examination in the first session, 210 patient participants and 81 healthy subjects were found 
eligible for SAMP testing, consented in writing and participated in testing at timepoint 1. 

Participants from timepoint 1 were retained and participated in testing at timepoint 2 (no 
drop-out). 
 

 

 



3.1 Demographic characteristics and baseline data  
 
The demographic characteristics and baseline data of participants in this study are 

summarised in Table 1. The age (mean and standard deviation) of the 210 patient participants 
was 40.4 ± 4.9 years and the 81 healthy subjects was 36.54 ± 4.9 years. There were no 
significant differences between patients and healthy subjects on age, weight or height, and 

this indicates that these groups were well matched. However, as expected, there were clear 
and substantial differences (P<0.05) between these groups regarding the severity of NSNP 
and ULD in all measures. In the second testing session, patients group reported slight, but 
non-significant, improvements on their neck and upper limb symptoms scores (VAS), 

indicating that these groups were stable between the testing sessions. 
 

Table 1  
Participants characteristics at baseline 

Variables  Healthy subjects (n=81) Patients (n=210) 

Age in years: (mean - SD) 36.54 - 4.9 40.41 - 4.9 
Weight (kg): Frequencies (%)    
75-80 4 (5) 10 (4.8) 
81-85 4 (5) 11 (5) 

86-90 23 (28.3) 60 (28.6) 
91+ 50 (61.7) 129 (61.4) 
Height (cm): Frequencies (%)   

155-160 25 (30.8) 65 (31) 
161-165 51 (63) 130 (62) 
166+ 5 (6.2) 15 (7) 
Neck VAS scores (0-10): (mean – SD)   

Timepoint 1 0 4.40 – 1.48 
Timepoint 2  0 4.04 – 1.45 
Upper Limb VAS scores (0-10): (mean – SD)   
Timepoint 1 0 2.45 – 1.41 

Timepoint 2 0 2.28 – 1.29 
NDI Scores (0-100): (mean – SD) 4.63 – 0.798 43.38 – 14.47 
DASH Scores (0-100): (mean – SD) 4.04 – 1.17 31.66 – 16.42  

SD: Standard Deviation, NDI: Neck Disability Index, DASH: Disability of the Arm, 
Shoulder and Hand. 
 

3.2 Descriptive statistics of the SAMP test 
 

Participants in the study were SAMP tested on two occasions approximately 1 week apart. 

Descriptive statistics of the SAMP scores for patients and healthy subjects are summarised in 
Table 2. As expected the scores on the SAMP test were significantly lower (P<0.0001) for 

the patient group versus the healthy subjects on both testing occasions (17.90 ± 6.167 versus 
35.23 ± 3.348 on timepoint 1; 17.99 ± 6.140 versus 35.07 ±2.692 on timepoint 2). 
 

 

 

 

 

 

 



Table 2  

Descriptive statistics of the SAMP test 

Variables  Healthy subjects (n=81) Patients (n=210) p 
 Mean SD 95% CI Min Max Mean  SD 95% CI Min Max  

SAMP Score: Timepoint 1         0.0001 

Examiner A (Rater) a 35.23 3.348 28 39 17.90 6.167 3 30  

Examiner B (Co-Assessor) b     17.71 6.023 3 29  

          

SAMP Score: Timepoint 2         0.0001 

Examiner A (Co-Assessor) b  35.07 2.692 29 40 17.99 6.140 3 30  

Examiner B (Rater) a     18.00 6.116 3 30  

SD: Standard Deviation, CI: Confidence Interval, SAMP: The Single Arm Military Press, Min: Minimum, Max: 
Maximum, P: P Value, a Rater: Examiner who conducted the test and completed data collection sheet, b Co-
Assessor: Examiner who only completed data collection sheet independently but simultaneously with the rater.   

 

3.3 Interrater and intrarater reliability 
 
The ICC 2,1, SEM, SDC statistics and their 95% Confidence Interval (lower bound and upper 

bound) for interrater, intrarater reliability and agreement are summarised in Table 3. The 
ICCs exceeded 0.90 indicating almost perfect interrater and intrarater reliability for the 
SAMP test [Landis and Koch, 1977]. The SEM was ≤ 1and smaller than the SDC indicating 
high levels of score accuracy and agreement for the SAMP test [McGraw and Wongs, 1996; 

Bland and Altman, 1996; de Vet et al., 2006; Vincent and Weir, 2012].  

 

Table 3   

Reliability Coefficient and SEM and SDC and their 95% CI for the SAMP test  

Variables  Patients (n=210) 
 ICC 2,1  95% CI (LB–UB) SEM SDC 

Interrater reliability      

Timepoint 1 0.995 0.993 - 0.996 0.42 1.2 
Timepoint 2 0.997 0.996 - 0.998 0.35 1.0 
     
Intrarater reliability     

Examiner A 0.997 0.996 - 0.998 0.35 1.0 
Examiner B 0.994 0.998 - 0.996 0.44 1.2 

 SEM: Standard Error of Measurement, SDC: Smallest Detectable Change, ICC: Interclass Correlation 
Coefficient, CI: Confidence Interval, LB: Lower Bound, UB: Upper Bound 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 3 shows the Bland-Altman plot for the level of agreement between the SAMP test 
scores for Examiner A across two separate occasions. The mean difference between the 2 

occasions was (Mean±Standard Deviation (SD) -0.0952 ±0.48958 Repetition). The 95% 
confidence interval upper limits and lower limits (0.8643 and -1.0547) respectively, 
indicating that no systematic differences occurred between testing occasions [Bland and 

Altman, 2007].  
  

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

 



4. Discussion  
 

4.1 Summary and discussion of the main findings 
 

This study aimed to determine the reliability of the SAMP test in female patients with NSNP. 
The SAMP test demonstrated almost perfect levels of reliability. Interpretation of the 95% 
Confidence Intervals around the Interclass correlation coefficient (ICC2,1) values suggest that 
the ‘true’ estimate of interrater and intrarater reliability of the SAMP test range between ICCs 

of 0.993 and 0.996, indicating a very high degree of stability of the SAMP scores over time 
and agreement between examiners. This exceeds the ICC ≥0.90 set out in hypothesis 1 and 2. 
Given that an ICC of at least 0.70 is considered to be satisfactory for an instrument to detect 
differences in severity between groups in research practice and an ICC value of 0.90-0.95 is 

required to enable this instrument to detect differences in severity between individual patients 
in clinical practice [de Vet et al., 2011], this indicates that the SAMP test can be consistently 
well used by different examiners or the same examiner in different occasions to measure 
ULD in female patients with NSNP in clinical and research practice. The reliability results of 

this study have confirmed previous results reported for the 3kg SAMP test used in  healthy 
subjects and non-patient populations who reported neck pain [McLean et al., 2010]. The 
reason for this high level of reliability may be due to the simplicity and standardisation of the 
test. The SAMP test requires simple instructions and minimal training for observers who are 

required to only count the valid repetitions within 30 second in order to complete the 
administration and scoring of the test. The SAMP test also demonstrated very low levels of 
measurement error. The SEM was very low and smaller than SDC as expected. The SEM 
ranged from 0.35 to 0.42 for interrater reliability and 0.35 to 0.44 for intrarater reliability, 

indicating a very high level of precision in the patients’ scores. This is ≤ 1 and smaller than 
the SDC set out in hypothesis 3. The hypotheses regarding reliability and agreement have 
been confirmed.  
 

4.2 Strengths of the study 
 
This study was conducted, analysed and interpreted in accordance with the COSMIN 
recommendations for developing health-related OM [Mokkink et al., 2010; Terwee et al., 
2012, 2018]. Independent but simultaneous examiners were used when assessing the 

interrater reliability in order to reduce or possibly prevent the risk of fatigue or soreness to 
patients, which could lead to drop-out and also to avoid the Hawthorne effect [de Vet et al., 
2011]. The large sample size achieved (n=290), which was significantly h igher than the 
recommended sample size by the COSMIN checklist (n=100), increased the statistical power 

of the test of mean differences, prevented potential masking of systematic error and enabled 
appropriate quantification of the SAMP test reliability and agreement [de Vet et al., 2006]. 
The use of broad inclusion and exclusion criteria and standardised assessments which 
ensured that the included participants were representative of typical healthy subjects from the 

general population and patients with a variety of NSNP severity levels. All patients and 
healthy subjects who attended the first assessment and testing occasion were retained for the 
second testing occasion (no drop-out). To ensure robust methodology, the DASH and NDI 
questionnaires, which are relevant, standardised and extensively validated neck and upper 

limb PROMs, were used to quantify the degree of NSNP and ULD at the baseline.  
 
 
 



4.3 Limitations of the study  
 
This study was conducted on female patients with NSNP, which will prevent the 

generalisability of the findings to male population as well as those patients with other types 
of neck disorders such as Whiplash Associated Disorder ‘WAD’ or Cervical Radiculopathy. 
This study also involved female participants in the age group (30-50-year) only, which may 
limit generalisability of the findings to other younger and older patients age groups. These 

limitations point to the requirement for further feasibility and reliability studies in different 
neck pain and age populations.  

 
5. Conclusion   
 

This cross-sectional study established that a 1kg SAMP test has almost perfect reliability and 
agreement levels in female patients with NSNP. The findings suggest that the 1kg SAMP test 
has potential for use in clinical and research practice for the purpose of evaluating upper limb 
functional capacity in female patients with NSNP. However, before this test can be fully 

recommended, further research is required to investigate the convergent and discriminant 
validity of the SAMP test. In addition, a longitudinal study to explore the responsiveness of 
the SAMP test is also required before it can be recommended as a treatment outcome 
measure.  
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