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Abstract
AIM: To validate the culturally-adapted Persian 
Functional Rating Index (PFRI) for assessing neck pain 
(NP) in athletes. 

METHODS: In this cross-sectional study, 100 athletes 
with NP and 50 healthy athletes participated and 
responded to the PFRI. Fifty athletes with NP completed 
the PFRI for at least 7 d later to establish test-retest 
reliability. 

RESULTS: The athletes with NP responded to all 
items, indicating excellent clinical utility. No floor and 
ceiling effects were found, indicating content validity 
and responsiveness. The PFRI revealed capability to 
discriminate between the athletes with NP and healthy 
athletes. The PFRI demonstrated strong correlation 
with the Numerical Rating Scale (Spearman’s rho = 
0.94), and the Persian Neck Disability Index (Pearson 
r  = 0.995), supporting criterion and construct validity. 
Internal consistency reliability was high (Cronbach’s α 
coefficient: 0.97). The test-retest reliability was excellent 
(ICCagreement = 0.96). The absolute reliability values of 
standard error of measurement and smallest detectable 
change were 3.2 and 8.84, respectively. An exploratory 
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factor analysis yielded one factor explaining 78.03% of 
the total variance. 

CONCLUSION: The PFRI is a valid and reliable measure 
of functional status in athletes with NP.

Key words: Athletes; Neck pain; Functional rating index; 
Reliability; Validity
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Core tip: Patient-reported outcomes are widely used to 
evaluate the functional effectiveness of treatments in 
clinical investigations. There has been a lack of patient-
reported outcome measure for athletes with neck pain 
(NP). This study assessed the psychometric properties 
of the culturally-adapted Persian Functional Rating 
Index in a group of athletes with NP and demonstrated 
excellent validity and reliability.
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INTRODUCTION
Neck pain (NP) is a common musculoskeletal complaint 
in athletes. The lifetime incidence of NP has been 
estimated at 47.6%, with approximately 64% being 
sports related[1]. An epidemiological study found a 
relatively higher rate of NP in cycling athletes[2]. The NP 
in athletes may result from sprains, strains, and soft 
tissue contusions resulting in various problems such as 
deficits in mobility, strength, endurance, and postural 
stability[3-6]. In order to help the athletes with NP return 
quickly to their sporting function, it is important to 
accurately assess their symptoms and function using 
valid and reliable tools. 

There are several disease-specific questionnaires 
developed to assess the functional limitations in people 
with spinal disorders including neck pain (e.g., neck 
disability index, neck pain and disability scale). Any 
outcome tool should be validated among different 
populations before using in the clinical assessments. The 
validity of the questionnaires to measure neck related 
pain and disability is not established among athletes 
with NP. Currently, there is no validated test developed 
specifically for assessing NP in athletes.

 The Functional Rating Index (FRI) is a patient-
reported questionnaire developed to evaluate the 
patients’ perspectives on their pain and functional status 
in patients with low back pain (LBP) as well as NP[7]. The 
Persian FRI (PFRI) is validated in the general population 
with LBP[8] and NP[9], and it was recently validated 

for athletes with LBP[10]. The present study aims to 
validate the PFRI in athletes with NP. The psychometric 
properties of floor or ceiling effects, discriminant validity, 
concurrent criterion validity, construct validity, internal 
consistency reliability, test-retest reliability, standard 
error of measurement (SEM), smallest detectable 
change (SDC), and factor structure were evaluated.

MATERIALS AND METHODS
The protocol of this cross-sectional study was approved 
by the review board, School of Rehabilitation, Tehran 
University of Medical Sciences (TUMS). The study 
was performed after approval by the TUMS Ethics 
Committee, and all subjects gave their written informed 
consent for taking part in the study.

Participants
Adult athletes age ≥ 18 years with NP, participating 
in sport activities for at least 2 h, 3 d/wk, and be able 
to read and write Persian were recruited from Tehran, 
Iran sport clubs and included in the study. Athletes 
were excluded if they had osteoporosis, spinal fracture, 
previous spinal surgery, or rheumatologic diseases. 
The sample size for this study was based on the 
recommendation provided in the guideline; thus, 100 
athletes with NP were included in the study[11]. 

Procedure
We followed the procedure used for validation of the FRI 
in athletes with LBP[10]. Eligible athletes were sampled 
from the Tehran sport clubs, Iran. The study aim and 
procedure were first thoroughly described to each 
eligible athlete. Then, after an informed consent form 
was read and signed by each athlete, demographic 
data including age, education, NP duration, and sports 
activities were recorded. Each eligible athlete was asked 
to fill out the PFRI, validated Persian Neck Disability 
Index (NDI)[12], and the Numerical Rating Scale (NRS)[13]. 
Fifty athletes with NP refilled out the PFRI at least 7 d 
later to evaluate the test-retest reliability. Fifty healthy 
athletes with no neck pain filled out the PFRI to assess 
discriminant validity. The NDI and the NRS were filled 
out to assess respect construct validity and concurrent 
criterion validity. High correlation was expected between 
the PFRI and NDI for construct validity.

Instruments
FRI: The FRI is a reliable and valid instrument that 
contains 10 items measuring both pain and function 
from 0 (no pain/full function) to 4 (worst possible 
pain/unable to perform function). The formula (total 
score/40) × 100% was used to calculate the disability 
score ranging from 0% (no disability) to 100% (severe 
disability)[7,14]. The culturally adapted and validated 
Persian FRI was used in this study[8-10].

NDI: The instrument used to evaluate the construct 
validity was the reliable and valid NDI[15]. The NDI 
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contains 10 items with each item rated from 0 (no 
activity limitation) to 5 (major activity limitation). The 
NDI total score is calculated as a percentage, with 
higher scores meaning greater disability. In this study, 
the culturally adapted Persian NDI was used[12]. 

NRS: The NRS was used to assess concurrent criterion 
validity. With the NRS, the athletes with NP were asked 
to score their pain intensity between 0 (no pain) and 10 
(worst possible pain)[13,16].

Statistical analysis
The floor and ceiling effects were analyzed by calculation 
of percentage of the lowest (0%) and the highest 
(100%) scores for the total PFRI. Discriminant validity 
was assessed by comparing the PFRI total scores of 
the athletes with NP with scores of the healthy athletes 
using the independent t test. The construct validity was 
analyzed by examining the correlation between the 
PFRI and the NDI using Pearson correlation test with 
levels of 0.6 ≥ [7]. The Spearman rank order correlation 
was used to assess concurrent criterion validity by 
correlating the PFRI total scores to the NRS with at 
least 0.7 as acceptable. The Cronbach’s α was applied 
to analyze the internal consistency reliability with a 
level of 0.7 or higher as satisfactory[11]. The intraclass 
correlation coefficient agreement (ICCagreement) (two-way 
random effects model, absolute agreement, and single 
measure) was used for the test-retest reliability analysis 
with a level of at least 0.70 as acceptable. The absolute 
reliability measures of the standard SEM and the SDC 
were estimated using the formulas σ√1-ICC and 1.96 × 
SEM × √2, respectively. A principal component analysis 
(PCA) with varimax rotation (VR) was used to analyze 
the factor structure of the PFRI. The SPSS software, 
V17 (SPSS, Inc, Chicago, IL) was used for the statistical 
analyses.

RESULTS
Overall, this study recruited 150 athletes. One hundred 
athletes with NP (60 male/40 female; mean age ± 
SD 30.8 ± 6.7 years; education 15.0 ± 2.2 years; NP 
duration 3.72 ± 1.74 mo) and 50 healthy athletes (27 
male/23 female; mean age 31.5 ± 7.4 years; education 
15.0 ± 2.4 years) participated in the study. Of the 100 
recruited athletes with NP, 50 athletes completed the 
PFRI again after at least 7 d (range: 7.0-32.0 d) to 
establish test-retest reliability. 

The sports activities of athletes in this sample of 
athletes (n = 150) included bodybuilding (n = 46, 
30.7%), aerobics (n = 27, 18.0%), swimming (n = 16, 
10.7%), karate (n = 17, 11.3%), taekwondo (n = 13, 
8.7%), volleyball (n = 10, 6.7%), soccer (n = 9, 6.0%), 
yoga (n = 6, 4.0%), and badminton (n = 6, 4.0%). 

Floor and ceiling effects
The athletes with NP responded to all items, and no 
missing data were detected. No floor or ceiling effect 

was observed for PFRI scores (range: 10.00-92.50). No 
athletes with NP scored the highest or lowest possible 
score on the PFRI. Table 1 shows the clinical data for 
the athletes with NP.

Validity
For discriminant validity, the PFRI scores from the 50 
athletes with NP who participated in the test-retest 
reliability evaluation were compared with those of the 
healthy athletes. The PFRI scores for athletes with NP 
(32.2 ± 19.04) were statistically worse than those 
of healthy athletes (3.7 ± 2.5) (Levenes’s test: F = 
69.001, P < 0.001; t = 10.5, df = 50.7, P < 0.001). 

For the evaluation of the concurrent criterion validity, 
Spearman’s rho displayed an excellent correlation 
between the PFRI scores and the NRS (correlation 
coefficient = 0.94, P < 0.001; 95%CI: 0.9-0.97).

An excellent correlation was found between the PFRI 
and the NDI (Pearson correlation coefficient = 0.995, P 
< 0.001; 95%CI: 0.99-1.0) for construct validity.

Relative reliability
Cronbach’s α coefficient of internal consistency was 
0.96, and values of Cronbach’s α if an item was deleted 
ranged between 0.961 and 0.964. Corrected item-total 
correlation ranged from 0.812 to 0.896 (Table 2).

ICCagreement was excellent for test-retest measure
ments (ICCagreement = 0.96, 95%CI: 0.93-0.98, P < 
0.001) (Table 3).

Absolute reliability
The SEM and the SDC were calculated to be 3.2 (95%CI:  
-6.25-6.25) and 8.84, respectively (Table 3). 

Factor analysis
The Kaiser-Meyer-Olkin was 0.94, which indicates 
the adequacy of the sample for performing the factor 
analysis. The Bartlett’s test of sphericity produced a 
high c2 of 1107.421, df = 45, P < 0.001, which indicates 
that the factor model was appropriate. The PCA with VR 
revealed a model with 1 factor, explaining 78.03% of 
the total variance. Figure 1 shows the scree plot curve 
for factor analysis of the 10-item PFRI.

DISCUSSION
In this study, the PFRI was evaluated for validity and 
reliability in Persian-speaking adult athletes with NP, and 

  Outcome 
  measures

Mean SD Range

Minimum Maximum
  PFRI 30.85 15.94 10.00  92.500
  PNDI 30.22 15.93   8.00 88.00
  NRS Median (IQR) 2 (2-3)

Table 1  Summary of clinical data in athletes with neck pain (n 
= 100)

PFRI: Persian functional rating index; PNDI: Persian neck disability index; 
NRS: Numerical rating scale; IQR: Interquartile range.
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it was shown to have excellent psychometric properties. 
All athletes with NP completed the PFRI without any 
problem, indicating the cultural acceptability and clinical 
utility of the questionnaire. The PFRI, consistent with 
the previous validation study in athletes with low back 
pain[10], is a valid and reliable tool for measuring pain 
and functional status in athletes with NP. To the best of 
our knowledge, this is the first study validating a self-
administered instrument for assessing athletes with NP.

All athletes completed the PFRI without any diffi
culties and with no missing responses. Responding to 
all questions on PFRI indicates acceptability and clinical 
utility. The distribution of the PFRI was satisfactory 
as demonstrated by the absence of floor or ceiling 
effects. The lack of floor or ceiling effects indicates the 
content validity and the responsiveness of the PFRI, in 
accordance with findings in athletes with LBP[10].

When PFRI scores for athletes with NP were com
pared to the scores of healthy participants, the athletes 
with NP had significantly worse scores and function. This 
finding suggests that the PFRI discriminated athletes 
with NP from healthy controls. In a study which tested 
the ability of the PFRI to discriminate athletes with LBP 
from healthy athletes, a similar finding was found[10]. 
These data indicate that the discriminant validity of the 
Persian FRI in athletes with NP or LBP is consistent with 
those observed in the general population[8,9]. 

The excellent correlation between the PFRI and the 
NRS suggests the concurrent validity of the PFRI in 

athletes with NP. Our finding is in accordance with that 
in athletes with LBP (rho = 0.72)[10].

Construct validity was assessed by correlating the 
PFRI with the NDI, and, as hypothesized, excellent 
association was observed between the two tools. The 
significant correlation between the PFRI with the Persian 
NDI suggests that these two questionnaires measure 
similar construct. A similar result was found for the PFRI 
in athletes with LBP (r = 0.83)[10].

The PFRI showed excellent internal consistency 
as reflected in a Cronbach’s a value well above the 
minimum recommended value. Cronbach’s alpha when 
an item was deleted was very close to the overall alpha, 
which indicates similar contribution of each PFRI item 
to the construct measured. These results support the 
homogeneity and interrelatedness of the PFRI items. 
The internal consistency found in the present study was 
similar to that observed by Naghdi et al[10] when the 
PFRI was applied in athletes with LBP (Cronbach’s a = 
0.90). 

The test-retest reliability of the PFRI in athletes 
with NP between two assessment sessions was found 
to be excellent (ICCagreement = 0.96) in agreement with 
the result (ICCagreement = 0.97), as similarly reported 
in athletes with LBP[10]. The high value of ICCagreement 
found in this study indicated excellent reproducibility 
of the PFRI and consistency of the scores between two 
measurements.

The SEM found in this study was small, which indi
cates the reliability of the PFRI to identify real changes. 
The SDC is a useful estimate to identify real change 
score in an individual patient after an intervention. The 
SDC in the present study was 8.84%, which is clinically 
acceptable. This indicates only a change score greater 
than 9.0% can be interpreted as a real change with a 
95% confidence using the PFRI. Estimation of SEM and 
SDC were not reported for the PFRI in athletes with 
LBP[10].

Factor analysis was applied to determine the possible 
subscales of the PFRI despite acceptable Cronbach’s a 
and item-total correlation values found in this study. 
The factor analysis resulted in a 1-factor solution for 
the PFRI, in accordance with results demonstrated in 

  FRI items Scale 
mean 
if item 
deleted

Scale 
variance 
if item 
deleted

Corrected 
item-total 
correlation

Squared 
multiple 

correlation

Cronbach’s 
alpha if item 

deleted

  Pain intensity 10.89 34.240 0.877 0.801 0.963
  Sleeping 11.45 33.563 0.823 0.724 0.964
  Personal care 11.02 33.353 0.852 0.780 0.963
  Travel 10.83 31.819 0.852 0.753 0.963
  Work 11.04 34.463 0.867 0.804 0.963
  Recreation 11.07 33.399 0.846 0.735 0.963
  Frequency of 
  pain

10.57 32.591 0.812 0.750 0.964

  Lifting 10.97 33.686 0.831 0.723 0.963
  Walking 11.58 31.620 0.896 0.865 0.961
  Standing 11.64 31.930 0.883 0.854 0.962

Table 2  Cronbach’s alpha and item-total statistics for persian 
functional rating index

FRI: Functional rating index.

  Scale Mean ± SD d  (SD) ICCagreement 
(95%CI)

SEM SDC

Test Retest
  PFRI 32.15 ± 19.04 30.70 ± 15.90 1.45 (4.95) 0.96 (0.93-0.98) 3.2 8.84

Table 3  Results of relative and absolute reliability measures 
for the Persian Functional Rating Index in athletes with neck 
pain (n  = 50)

d: Mean difference of the test and retest scores; ICC: Intraclass correlation 
coefficient; SEM: Standard error of measurement; SDC: Smallest detectable 
change; PFRI: Persian Functional Rating Index.
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Figure 1  Scree plot of eigenvalues produced 1 factor for persian fun­
ctional rating Index in athletes with neck pain (n = 100).
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athletes with LBP[10]. The factor analysis confirmed that 
the PFRI assessed predominantly a distinct factor of the 
underlying construct concerning pain and function. This 
finding provides further evidence for construct validity 
of the PFRI. The PFRI can be used independently to 
identify changes in pain and function of athletes with 
NP.

There were limitations for the present study. First, 
the effect size based responsiveness of the PFRI to 
detect change over time was not evaluated in this study. 
The evaluation of floor and ceiling effects is one of the 
methods used for quantifying responsiveness[17,18]. 
The lack of floor and ceiling effects found in this study 
implies that the PFRI is able to detect changes following 
treatment. Second, this study assessed only the Persian 
FRI. An English FRI must be separately validated for 
athletes with NP.

In conclusion, the PFRI demonstrated excellent 
validity and reliability, and therefore, can be used in 
both clinical and research settings for athletes with NP.
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the commonly used self-report questionnaires are developed for use in general 
population with spinal disorders. 

Research frontiers
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Persian FRI (PFRI) is previously validated for athletes with LBP. This report 
presents a study, for the first time, validating the PFRI in athletes with NP. The 
results show satisfactory psychometric properties of PFRI for use in athletes 
with NP.

Applications
The results of the present study demonstrated that the PFRI is reliable and valid 
in athletes with NP and it may be useful for assessing pain and functional status 
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English version indicates that the FRI is reliable and valid in athletes with NP, 
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Terminology
Many athletes may experience NP due to ligament sprains, muscle strains, 
and contusions. The athletes with NP may complain from deficits in neck 
mobility, muscle recruitment, strength, endurance, or postural stability. The FRI 
is a quick, self-report questionnaire used to assess disability in patients with 
both LBP and NP. The scale contains 10 questions measuring both pain and 
function in a five-point scale from 0 (no pain/full function) to 4 (worst possible 
pain/unable to perform function). Total score calculated in percentage range 
between 0% and 100%, with higher scores indicating higher disability.
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