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ABSTRACT 

DIANA EARLY 

INTERRATER AND INTRARATER RELIABILITY OF THE ACUMAR™ DIGITAL 
INCLINOMETER FOR MEASUREMENT OF CERVICAL RANGE OF 

MOTION IN CHILDREN WITH TORTICOLLIS 

MAY 2010 

The purpose of this study was to determine the interrater and intrarater reliability 

of a digital inclinometer used to measure cervical spine range of motion in children or 

infants who have a diagnosis of torticollis. This was a methodological study in which 

children and infants from one to twenty-four months participateq in measurement of 

cervical range of motion for rotation, lateral bending, and midline alignment with a digital 

inclinometer. Fifteen measurements were taken by two different testers. Each tester 

repeated the same fifteen measurements separated by a brief time interval. Intraclass 

correlation coefficients were calculated for interrater reliability and for intrarater reliability 

using SPSS 15.0 for Windows. lntrarater reliability demonstrated acceptable limits for 

one tester for measurements in 3 directions of movement. One tester demonstrated 

intrarater reliability of a sufficient level for two directions of movement if an average of 

three measurements is considered. lnterrater reliability in general was poor (less than 

. 75) for a majority of the measurements. 
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CHAPTER I 

INTRODUCTION 

Torticollis is a diagnosis that can present in children or adults and has a variety of 

etiologies. By definition, it is the asymmetrical positioning of the neck. In infants, 

congenital muscular torticollis can result from altered positioning in the womb, which 

causes muscular shortening that is evident at birth or shortly after. The condition also 

can exist when a bony defect exists in the cervical spine. Acquired torticollis occurs after 

birth and can result from trauma, tumor, or dystonia of the cervical musculature 

(Cooperman, 1997). Habitual positioning of an infant's head in a laterally tilted and 

rotated position also can cause muscular imbalance in the cervical spine. Children who 

spend significant time in car seats or other infant equipment in this asymmetrical posture 

can develop torticollis and the associated skull deformity known as plagiocephaly. 

Restriction of both active and passive neck range of motion does not allow infants to 

achieve appropriate head righting or equilibrium responses and thus hinders motor 

development. Torticollis typically involves two different movement limitations in the 

cervical spine: rotation and lateral flexion. This lack of motion results from unilateral 

tightness of the sternocleidomastoid muscle. Sometimes a "pseudotumor" or fibrosis 

present in the muscle accompanies the muscular shortening (Cheng, Tang, Chen, Wong 

& Wong, 2000; Van Vlimmerman, Helders, Van Adrichem, & Engelbert, 2006). Cheng, 

Wong, Tang, Chen, Shum, and Wong (2001) found that children with sternomastoid 

tumor had neck rotation limitation of greater than 15 degrees and more often required 
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surgical correction of the torticollis as compared to children who did not have a tumor 

present. 

Physical therapy serves as one of the primary methods of conservative torticollis 

management. Treatment includes stretching of the sternocleidomastoid muscle on the 

affected side along with activities to facilitate strengthening of the lateral neck 

musculature. If other areas of neck or trunk soft tissue show restriction, therapists 

incorporate stretching and strengthening of these additional muscles into an exercise 

regimen. Parents also receive instruction in positioning their child symmetrically and 

learn stretching exercises to perform at home (Cheng and Au, 1994; Emery, 1994; 

Karmel-Ross & Lepp, 1997). Nonsurgical treatment of torticollis is an effective method 

for the vast majority of cases, particularly if intervention begins with children when they 

are less than one year of age (Binder, Eng, Gaiser, &Koch, 1987; Cheng, Wong, Tang, 

Chen, Shum, & Wong, 2001; Ohman and Beckung, 2005). 

Statement of the Problem 

Recording cervical range of motion is critical in the initial examination and 

evaluation of a child with torticollis. Therapists can use subsequent range of motion 

measurements as a primary outcome measure. Typically, signs of impairment resolution 

include normalization of range of motion of the cervical spine and achievement of age

appropriate head-righting responses (Karmel-Ross & Lepp, 1997). Methods for range of 

motion measurement vary among clinicians: some use a universal goniometer to obtain 

degrees of motion and compare those numbers to normative values. Other clinicians 

might use visual observation of movement and report a perceived percentage of normal 

range. Reliability is questionable when inconsistency exists in measurement techniques. 
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Various authors have shown that digital inclinometry is a reliable technique for 

measuring spinal range of motion in the adult population (Love, Gringmuth, Kazemi, 

Cornacchia, &Schmoilke, 1998; Tousignant et al., 2001). Because the inclinometer has 

shown reliability for measuring adults, potentially digital inclinometry could serve as a 

reliable method for therapists to use in the examination of children with torticollis. 

Research has not addressed the use of digital inclinometers in the pediatric population. 

Purpose of the study 

The purpose of this study was to determine the interrater and intrarater reliability 

of a digital inclinometer used to measure cervical spine range of motion in children or 

infants less than two years of age who have a diagnosis of torticollis. 

Research Hypothesis 

The hypothesis for this study was that the digital inclinometer would serve as a 

moderately reliable instrument for one or more examiners measuring cervical range of 

motion in children who have a diagnosis of torticollis. A second hypothesis was that the 

digital inclinometer would demonstrate at least moderate reliability for the same 

examiner making measurements of cervical range of motion in children with torticollis. 

Variables 

The independent variables were each examiner for interrater reliability. The 

dependent variables for interrater measures were the average of readings from the 

digital inclinometer made by two different examiners. For the intrarater reliability portion 

of the assessment, measurements performed on the same child separated by a brief 

time interval were the independent variables. The dependent variables were the 

average range of motion in degrees measured with a digital inclinometer by one 
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therapist for each trial separated by a time interval (intra-rater). Motions included in 

measurement were right rotation, left rotation, right lateral flexion, and left lateral flexion. 

Measurement of midline alignment in supported sitting was also a dependent variable 

assessed with the inclinometer. The digital inclinometer can measure flexion and 

extension, but torticollis typically does not affect this plane of movement. Therefore, 

testers in this study did not collect data for flexion or extension in the participants' 

measurement trials. 

Operational Definitions 

Cervical range of motion consisted of two components: passive rotation to both 

sides taken in supine and lateral flexion taken passively in sitting. Passive movement 

toward the right and left while the child was supine comprised the measurements of 

rotation. The testers made lateral flexion measurements passively to the right and left 

while the child was in a supported sitting position. For all measurements, testers asked 

the parents to support their child at the shoulders for stabilization during measuring. 

Midline alignment was defined as the number of degrees of lateral flexion in 

which the child preferred to hold his or her head when sitting with support at the 

shoulders. The child was identified as having his head in a vertical position when his 

nose was positioned directly above his sternum. This position was obtained by the 

testers passively moving the child into position while the parent stabilized the child at the 

shoulders. 
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Both cervical range of motion and midline alignment were measured with a digital 

inclinometer, a single unit device manufactured by Acumar™ .1 This unit holds up to six 

readings at a time and sets to zero at any reference point. All measurements were 

recorded in degrees. 

For the purpose of this study, infants were defined as children less than 12 

months of age. Children were those over 12 months of age. The actual participants in 

the study were all infants. 

Testers in this study were defined as licensed physical therapists. Assistants 

were individuals who were employees of Our Children's House at Baylor who were 

nonlicensed personnel. Caregivers were the parents or legal guardians of the infants 

who participated. 

Assumptions 

Therapists involved in this study were assumed to know how to perform range of 

motion measurements of the cervical spine using a universal goniometer since this skill 

is taught in all physical therapy programs. The therapists used the general principles of 

goniometric measurement to examine children with the digital inclinometer. Another 

assumption was that the digital inclinometer is a valid method for measuring cervical 

range of motion. Previous studies have indicated that this device has some degree of 

validity for measurement of spinal motion when compared with other types of 

goniometers (Tousignant, Morissette, & Murphy, 2002; Wolfenberger, Bui, & Batenchuk, 

2002). 

\afayette Instrument Company, 3700 Sagamore Parkway North, Lafayette, IN 47904; 
www.lafayetteinstrument.com. 
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Different authors have investigated a variety of aspects of torticollis and have 

used an array of definitions for range of motion as well as different methods for 

measurement. The definitions and assumptions previously mentioned serve to clarify 

the nature of the current study's sample of children . The measurement methods 

described will also allow comparison with previous range of motion reliability studies that 

are discussed in the following literature review. 

6 



CHAPTER II 

REVIEW OF THE LITERATURE 

Purpose of the Study 

The purpose of this study was to determine the interrater and intrarater reliability 

of a digital inclinometer for measuring cervical spine range of motion in children or 

infants less than two years of age who have a diagnosis of torticollis. Numerous 

methods now exist for measuring degrees of movement in a joint structure. Range of 

motion measurement is a basic component of examination and evaluation that physical 

therapists use for patients of all ages. Review of the literature includes discussion of the 

reliability of various methods for measuring joint range of motion in both the adult and 

the pediatric population. 

Range of Motion Measurement with a Universal Goniometer 

Goniometry is a basic technique that physical therapists use to measure range of 

motion in a joint. During the course of therapy intervention, goniometric measurement 

serves as an objective tool for documenting change in an impairment. Whenever a 

researcher or a clinician makes measurements, the issue of reliability arises. Norkin and 

White (1985) define reliability as the "amount of agreement between successive 

measures of the same joint" (p.6). Reliability involves two components: intrarater 

(measures taken by the same person) and interrater (measures taken by two or more 

different people}. lntrarater reliability generally is higher than interrater reliability (Norkin 

& White). 
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Gajdosik and Bohannon (1987), in a review of goniometric reliability and validity, 

noted that few studies of goniometric measurement have used the same research 

design. This lack of consistency makes comparison of research outcomes difficult. 

Gajdosik and Bohannon indicated that the best tests of reliability for any instrument 

involve a very short time interval between measurements. Longer periods of time 

between measurement trials increase the number of variables that investigators cannot 

control. Gajdosik and Bohannon also recognized that reproducibility of goniometric 

readings can vary depending on the movement, body part, and the diagnosis of the 

client measured. These factors all affect reliability in the use of a universal goniometer. 

Some degree of variability naturally occurs in measurements made with a universal 

goniometer both between and within examiners. However, therapists using visual 

estimation are less able to reproduce measurement values (Youdas, Bogard, & Suman, 

1993). Therefore, universal goniometers have traditionally served as one of the more 

reliable measurement instruments for physical therapists. 

Advances in Joint Measurement for the Spine 

While early studies of reliability in the measurement of joint range of motion 

focused primarily on the use of the universal goniometer, technological advances have 

provided physical therapists with new methods for measuring joint movement. Moffett, 

Hughes and Griffiths (1989) used a simple inclinometer to measure neck movement and 

addressed both intrarater and interrater reliability with healthy adults. Examiners 

measured neck range of motion with a commercially available inclinometer that was 

designed for use on construction sites. The article did not include exact statistical 

results, but the authors concluded from the analysis of variance and paired t-tests that 
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no significant differences existed for measurements made by the same rater or by two 

different raters. Moffett, Hughes, and Griffiths stated that the inclinometer could provide 

an objective way to measure cervical range of motion. 

Tucci, Hicks, Gross, Campbell, and Danoff (1986) described the use of a gravity 

goniometer purchased at a local hardware store that they adapted with a wood block, 

padding, and elastic straps to allow stable positioning of the device on an adult's head. 

The examiners used this device with participants in a sitting position to measure flexion 

and extension along with lateral bending. Evaluation of rotation was performed with the 

subjects in supine. Two experienced examiners also used a universal goniometer to 

measure the same active neck motions (flexion/extension, right/left rotation, and right/left 

sidebending). Data analysis of the measurements from the examiners using the 

universal goniometer resulted in only three of the six measurements having Intraclass 

correlation coefficients (ICCs) of greater than .5. Two examiners made the same six 

measurements with the gravity goniometer. One of the testers was experienced in the 

use of the gravity goniometer, and the other tester had limited experience. The ICCs for 

all of the gravity goniometer measurements were above .80. The authors concluded that 

the gravity goniometer, as constructed for this study, would provide a simple and 

accurate way to measure cervical motion, even for examiners who had had a limited 

amount of practice using such a device. 

The Cervical Range of Motion Device (CROM)2 is an instrument that consists of 

inclinometers situated so that an examiner can measure the movements of flexion, 

extension, rotation, and lateral flexion. Jordan (2000) noted that the convenience of this 

2 
Performance Attainment Associates, 958 Lydia Drive, Roseville, MN 55113 
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device is that the subject does not have to change positions for the examiner to make 

measurements in different planes of motion. Selected reliability studies of the CROM 

conducted in the 1990s have differed in design. Some researchers have focused on 

healthy subjects, and some studies have involved participants with neck pain symptoms. 

Youdas et al. (1992) used the CROM device with two dial meters to assess normal 

cervical spine range of motion in healthy subjects and measured flexion, extension, and 

lateral bending. In this same study, Youdas and associates also coupled the device with 

a compass which permitted measurement of rotation. The investigators' analysis found 

intratester reliability ranged from .76 to .94 for all movements. lntertester reliability was 

poor for left rotation but high for neck extension and good in all the other motions 

assessed. The authors' conclusion was that the CROM device had good to high 

reliability both within and between examiners. 

Another study by Nilsson (1995) evaluated passive range of motion in the 

cervical spine using a similar CROM device. While Nilsson found intraexaminer 

reliability to be at a moderate level for all planes of motion, interexaminer reliability was 

unsatisfactory. One of the reasons that the author suggested for the poor reproducibility 

of results between examiners is that the determination of end feel for passive range of 

motion measurements for passive range of motion could vary more when different 

individuals perform the tests as compared to active range of motion. Active range of 

motion in healthy subjects is more consistent since one individual (the subject) is 

performing the movement each time actively and independently. Passive range of 

motion can differ depending on the amount of overpressure the examiner uses. Since 

different examiners may apply differing amounts of force, this discrepancy has potential 

10 



to create more variability in the subject's range of motion. Nilsson's findings thus indicate 

that passive measurements performed by the same examiner have higher reliability than 

those performed by different examiners using the CROM device. In other words, 

intrarater reliability was higher with the CROM than interrater reliability. 

A 1998 study compared reliability of two different devices used to measure 

cervical range of motion. One device was the CROM described previously and the other 

was a digital inclinometer, the Cybex Electronic Digital Inclinometer (EDl-320)3. The 

study involved 27 participants: some of the subjects had pain symptoms in the cervical 

spine and some did not. Both devices demonstrated high intraexaminer reliability with 

the CROM ICC falling between .96 and .99 and the ICC of the Cybex EDl-320 ranging 

from .85 to .96. The interrater reliability also was high for both devices, with a minimum 

of .80 in the Cybex EDl-320. The CROM generally showed higher reliability for 

measurement of passive neck flexion and extension movements than the Cybex EDl-

320 (Love, Gringmuth, Kazemi, Cornacchia, & Schmolke, 1998). 

Tousignant, Morissette, and Murphy (2002) also used the Cybex EDl-320 in a 

criterion validity study of lumbar goniometers. They compared the Cybex EDl-320 and 

the Back Range of Motion Instrument (BROMll)4 to the double incHnometry (DI) method, 

which is considered the "gold standard." The EDl-320 demonstrated a good linear 

relationship with double inclinometry. The BROMII instrument showed only a moderate 

linear relationship with double inclinometry. While the authors concluded that both 

devices demonstrated good validity, the EDl-320 showed more validity than the 

BROMII. The data analysis suggested that the BROMII does not measure active range 

3 
Cybex, Inc., 2100 Smithtown Avenue, PO Box 9003, Ronkonkoma, New York 11779-0903 USA 

4 
Patterson Medical/Sammons Preston, 1000 Remington Blvd, Suite 210, Bolingbrook, IL 60440-5117 
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of motion in the same way that double inclinometry does, even though the units of 

measurement are the same (degrees). Tousignant, Morissette, and Murphy concluded 

that the EDl-320 could serve as a clinically valid and useful tool to measure lumbar 

range of motion in individuals experiencing low back pain. 

Tousignant et al. (2001) performed a reliability study with the same Cybex 

inclinometer (EDl-320) to measure cervical flexion and extension in individuals without 

symptoms of neck pain. Two examiners assessed 44 patients for active range of motion 

in cervical flexion and extension. Data analysis showed moderate intratester reliability for 

flexion movements. One tester demonstrated high reliability in extension and the other 

tester showed moderate reliability for extension. Statistics for intertester reliability of the 

first trial showed moderate reliability for both flexion and extension. For trial two, the 

intertester ICCs indicated high reliability for extension and moderate reliability for flexion. 

The researchers using t-tests discovered systematic error for the second examiner in the 

intratester reliability figures and the same error in general for the intertester measures. 

While the authors concluded that the device had moderate reliability overall, they also 

identified the importance of having a standard protocol for measurement procedures to 

minimize systematic error. 

Wolfenberger, Bui, and Batenchuk in 2002 compared three methods for 

measuring cervical range of motion: a bubble goniometer, a dual inclinometer, and 

radiographs. The investigators found an acceptable level of reliability for both the bubble 

goniometer and the electronic dual inclinometer. Radiographic examination showed the 

highest reliability both between and within raters. No intertester reliability was evaluated 

for the goniometer and dual inclinometer since only one individual performed these 
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measurements. Different physicians interpreted the radiographs and thus provided data 

for interexaminer reliability. This study, not surprisingly, revealed the highest 

reproducibility for cervical spine range of motion taken by radiographic examination. 

However, physical therapists need access to instruments which are readily available in 

their daily environment and allow them to efficiently measure a patient's movement. 

They can then document progress toward an outcome at the time of the treatment 

session. Radiographic examination would not allow this convenience and poses the risk 

of radiation exposure. The Wolfenberger, Bui, and Batenchuk study indicates that the 

dual inclinometer or the bubble goniometer could serve as practical and moderately 

reliable measurement tools in the clinical setting. 

Measurement of Range of Motion in Children 

The previously cited studies and others (Grohmann, 1983; Solinger, Chen, & 

Lantz, 2000; Wolfenberger, Bui, and Batenchuk, 2002) have assessed range of motion 

reliability measurements with a variety of different devices in the adult population. 

However, measuring joint range in children presents a unique set of challenges that can 

confound the reproducibility of results. A child's age, cognition, and developmental stage 

can significantly impact the examiner's ability to gain cooperation with the assessment 

process. As in adult populations, presence of impairment can affect accuracy and 

reliability of measurements, regardless of the device used. Kilgour, McNair, and Stott 

(2003) addressed intrarater reliability in lower limb measurements of children with 

cerebral palsy who ranged in age from six to seventeen years. Using a goniometer, a 

physical therapist took several different measurements of the lower extremity and 

performed the same measures seven days later. This study showed that the single 
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tester's placement of the goniometer was reliable in that the examiner used the same 

bony landmarks both within and between sessions. Despite this consistency, the mean 

ICC for both the control group (those without neurological impairment) and the group of 

children with cerebral palsy was less than .80. The intrasession measurements (those 

done on the same day) had higher ICCs (>.90), however. Since neurological impairment 

can affect measurement reliability, the use of a control group allowed the investigators to 

compare variability of these goniometric measurements in two different populations. 

Analysis showed similar variability between sessions for both groups. This study 

identified the difficulty of obtaining consistent measurements when therapists use a 

goniometer to evaluate joint motion in children. 

Jones, Stratton, Reilly, and Unnithan (2002) conducted a reliability study of 

functional movements and goniometric measurement of selected joints. The 

researchers compared a group of children aged eleven to sixteen years with back pain 

to a control group without back pain. The tests included sit-and-reach, lumbar flexibility, 

and hip range of motion. Although a single examiner demonstrated reliability of 

measurement in both groups, random error surfaced for all measurements in both 

groups. A higher degree of error occurred in the group with back pain, indicating that 

presence of symptoms can negatively impact the reliability of measurements. 

One study addressed use of a digital inclinometer with a sample of adolescent 

participants. Awan, Smith, and Boon (2002) used a digital inclinometer to measure 

shoulder internal rotation with three different techniques. They used a convenience 

sample of 56 high school athletes thirteen to eighteen years who had no shoulder motion 

impairments. This study did not actually evaluate the reliability of the inclinometer; 
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instead, the authors focused on how reliable measurements were when the scapula was 

stabilized to measure internal rotation or if it was not stabilized for measurement. The 

authors found that visual inspection and scapular stabilization provided acceptable 

reliability for measurement of internal rotation but recommended the visual inspection 

method to be used only by a single examiner. 

Kellis, Adamou, Tzilios, and Emanouilidou (2008) used a Spinal Mouse system5 

to evaluate spinal curvature in different positions in 81 healthy boys who averaged 10.62 

years of age. Three raters took measurements on 2 different occasions separated by a 

one week time period. Testing order varied randomly for raters and participants. ICCs 

for intrarater reliability ranged from .61 to .96 while interrater reliability ICC values were 

higher than .67, suggesting poor to high reliability. Kellis, Adamou, Tzilios, and 

Emanouilidou noted that each rater used his or her own palpation points, which lowered 

the interrater ICCs. The investigators also found the device more reliable when children 

were measured in a standing position as opposed to measurement in a full flexion or a 

full extension position. 

Cervical Spine Range of Motion Measurement in Infants and Children 

The previously cited studies addressed measurement reliability of the extremities 

or back movement in children. Very little literature exists regarding measurement of 

cervical spine motion and its reliable measurement in children or infants. In 1994, Emery 

conducted a study which addressed determinants for treatment duration of congenital 

muscular torticollis. In her article, she described the use of a universal goniometer with 

carpenter's levels attached. The examiners used this device to measure lateral bending 

5 
Spinal Mouse, ldiag, Voletswil, Switzerland 
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and rotation. The author referenced reliability studies done with adults for this device. 

However, the article did not include reliability statistics for the pediatric population. 

Karmel-Ross has conducted extensive research with young children having a 

diagnosis of congenital muscular torticollis (CMT) (Jacques & Karmel-Ross, 1997; 

Karmel-Ross & Lepp, 1997). In these studies a universal goniometer modified with a 

carpenter's level attached to each arm was used, similar to that described by Emery 

(1994), who had measured lateral bending and rotation with this device. Karmel-Ross 

and Lepp discussed general treatment principles of CMT but did not mention reliability 

figures for this device. Additionally, they used a CROM-type device to measure righting 

reactions and postural responses. The examiners placed children in a car seat that could 

rotate on a hinge and strapped the CROM device on their heads. The article provided 

no indication of the degree of reliability for the use of this device with young children. 

Cheng, Wong, Tang, Chen, Shum, and Wong (2001) in their prospective study of 

children who had congenital torticollis rotation reported range of motion limitations in 

children who were seen in their clinic. All of the children were less than one year of age. 

They classified the study participants by several criteria, one of which was the limitation 

of range of motion in rotation. The investigators used what they described as a 

specifically designed arthrodial protractor to measure neck range of motion and 

positioned the children in supine with their head over the edge of an examination table. 

Although the authors noted that their data was unpublished, they reported an 

interexaminer correlation coefficient of .71 from their pilot data for this method of 

measurement. 
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Klackenberg, Elfving, Haglund-Akerlind, and Carlberg (2005) published an 

intrarater reliability study that evaluated use of a universal goniometer and an arthrodial 

protractor to assess cervical spine motion in children with a diagnosis of torticollis. 

Because of the age range of the children who participated (one to five months), the 

subjects did not have independent head control. Therefore, the examiners made all 

measurements with the infants lying supine. Testers used a universal goniometer to 

measure rotation and the arthrodial protractor to assess lateral bending. The method for 

assessment of rotation involved taking initial readings on the unaffected side of the neck 

to avoid the child's becoming agitated. The researchers also detailed the method for 

determining the end of the passive range of motion. Additionally, they took photographs 

with the children positioned at the endpoints of their ranges of motion and used the 

photographs later for another measurement trial. Examiners took measurements 

sequentially without a time gap in one group of infants while they measured a second 

group at one point and then again two hours later. The measures obtained sequentially 

showed higher reliability. Additionally, Klackenberg, Elfving, Haglund-Akerlind, and 

Carlberg found that measurements taken on the unaffected side of the neck had lower 

ICCs than those made on the affected side. Reliability figures for measurement from 

photographs proved lower than the test-retest values of actual subjects. The authors 

suggested that future studies of interrater reliability could use the examination methods 

presented in this study. They also concluded that the examination techniques and 

devices they used to evaluate neck range of motion could provide a reliable clinical 

means of measuring change over time in this population of children. 
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Current Research in Congenital Muscular Torticollis 

Ohman and Beckung (2005) described the functional and cosmetic outcomes of 

children between two and five years who had received treatment as infants for 

congenital muscular torticollis. Their criteria for outcomes included rotational deficits, 

lateral flexion deficits, craniofacial asymmetry, residual muscular band, head tilt, and 

subjective assessment. To measure the rotational and lateral flexion movements, they 

also used the arthrodial protractor method described by Klackenberg, Elfving, Haglund

Akerlind, and Carlberg (2005). The authors used a word rating scale to assess head tilt 

(mild, moderate, severe). No specifications of the criteria for assigning the ratings were 

mentioned, however. Additionally, the researchers evaluated neck muscle endurance 

by holding the children in a lateral position and allowing them to right their head to the 

horizon as they were able. They also tested how long the children could hold the 

position. Children had better endurance of the lateral neck flexors on their affected side, 

indicating a lingering asymmetry. Overall, the majority of children who received 

nonsurgical intervention (96%) had good to excellent range of motion and (95%) had 

good to excellent head posture. Their primary remaining deficits were those of 

craniofacial asymmetry in 45% and asymmetry of neck muscle endurance (37%). 

In 2006, Ohman and Beckung again published a study describing outcomes in 

children with congenital muscular torticollis. The 2006 study addressed children who had 

had surgical correction of the muscular restriction. The ages at which the children had 

surgery ranged from 2.5 years to sixteen years. In addition to measuring rotation with an 

arthrodial protractor as in their 2005 study, the authors assessed neck muscle 

endurance again. They found their neck muscle endurance was better on the side where 
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the children had surgery as compared to the nonoperative side. Rotation and lateral 

flexion were also restricted on the side of the neck where the child had had surgery. 

Children at the time of assessment were from sixteen months to 20.5 years with a 

median age of 16 years. 

A recent study by Ohman and Beckung (2008) involved a group of 38 infants (19 

boys and 19 girls). The investigators tested cervical range of motion for lateral bending 

and rotation to establish normative values for infants ranging from two to ten months of 

age. Additionally, they evaluated neck muscle strength using a functional scale based 

on the orientation of an infant's head relative to the horizontal when suspended in a 

sidelying position. This study used an arthrodial protractor such as that used by 

Klackenberg, Elfving, Haglund-Akerlind, and Carlberg (2005) to assess both lateral 

bending and rotation. Ohman and Beckung found mean rotation to be 110 degrees and 

lateral flexion to be 70 degrees in their group of healthy infants from age two to ten 

months. They noted that these normative values could be useful in the evaluation of 

initial range of motion in the evaluation of children with torticollis. The muscle function 

scale used in this study was an ordinal scale based on word descriptions of where 

children held their heads relative to the horizon. 

Ohman, Nilsson, and Beckung in 2009 published a study of validity and reliability 

for the muscle function scale mentioned above. To determine validity, they had a panel 

of experts examine the assessment items and viewed presentations, videotapes, and 

pictures of the scale. For this scale, they included specific range of motion values which 

corresponded to ordinal ratings on the scale. To evaluate the reliability of the scale, two 

groups of physiotherapists and physiotherapy students used pictures of 68 infants to rate 
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their neck muscle strength using the scale. Weighted kappa was . 96 for interrater 

reliability and and ICC ranged from .90 to .96. lntrarrater reliability weighted kappa for 

both groups ranged from .96 to .99 while intrarater ICCs were from .93 to .98. The 

investigators concluded that the scale was both valid and reliable for novice users as 

well as for experienced users. 

Other recent studies have addressed the impact of torticollis on development and 

the relationship between plagiocephaly and torticollis (Ohman, Nilsson, Lagerkvist, & 

Beckung, 2009; Losee, Mason, Dudas, Hua & Mooney, 2009). Gray and Tasso (2009) 

have also recently published a case report that describes differential diagnosis of 

torticollis. However, very little research exists to identify reliable methods for 

measurement of neck range of motion in children. While some articles have discussed 

methods of cervical spine examination in children with torticollis (Emery, 1994; Emery, 

1997; Karmel-Ross & Lepp, 1997), the authors have not offered reliability figures for 

these techniques. Clinically, therapists do not practice consistent methods to measure 

range of motion for children with torticollis. Thus, using the digital inclinometer could 

provide clinicians with a practical outcome measure to document resolution of 

impairments in children who have torticollis. 
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CHAPTER Ill 

METHODS 

The purpose of this study was to determine the interrater and intrarater reliability 

of a digital inclinometer used to measure cervical spine range of motion in children or 

infants less than two years of age who have a diagnosis of torticollis. To achieve this 

purpose, a methodological study was conducted. This chapter will include discussion of 

the study design, participants, testers, and the method of measurement of participants' 

cervical spine motion. 

Study Design 

The design of this study was methodological in nature to determine intrarater and 

interrater reliability. Each tester measured neck range of motion for the same participant 

at two different times on the same day (intrarater reliability). Two different testers also 

measured the same participant at different times on the same day (interrater reliability). 

Testers used the same device and the same technique to perform the measurements. 

All measurements were essentially taken in sequence; this format limited the amount of 

time the parents and children had to spend at the facility. If a child needed time for a 

feeding or a diaper change, such a break was permitted during the measurement trials. 

Variables 

One rater performing the same measurement at different times was the 

independent variable for intra rater reliability in this study. The dependent variables were 

the degrees of passive range of motion for cervical rotation right and left in supine. 

Degrees of passive lateral neck flexion to the right and left with subjects in supported 

sitting were the second dependent variable. Midline alignment in supported sitting was a 
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third dependent variable. For interrater reliability, the independent variables were two 

raters performing the same measurements on the same child. The dependent variables 

for interrater reliability were the degrees of lateral neck flexion, degrees of rotation in 

supine, and midline alignment in supported sitting. 

Participants 

The investigators recruited participants for this study via a convenience sample 

of volunteers from the population of children who receive therapy at Our Children's 

House at Baylor locations in the Dallas area. All caregivers received information 

regarding possible risks and benefits, and they signed an informed consent form prior to 

participation in the study. Both the Baylor University Medical Center Institutional Review 

Board (IRB) and the Texas Woman's University IRB approved this study. 

Possible candidates for participation were identified in the order in which they 

were referred. Potential participants may have been receiving treatment for torticollis at 

the beginning of the study while other children were selected from new clients who had 

been referred for evaluation. Scheduling of measurement was determined by the testers' 

and the participants' availability. Approval of the study was such that measurements 

could be taken at any of the nine Our Children's House at Baylor clinics in the Dallas 

area. To be included in this study, children had to be between 1 and 24 months of age, 

have a diagnosis of torticollis by a physician, and be referred for treatment of this 

condition. A sample of six children participated. 

Criteria for exclusion were any children who were born earlier than 36 weeks 

gestational age, any children who had a known neurological diagnosis which would 

affect neck movement, or children who had a cervical spine bony defect. Because 

presence of a bony defect excluded children from participation in this study, a cervical 
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spine radiograph was necessary before a child participated. If a child's physician had 

already ordered this radiograph and the child did not have any bony anomalies, he or 

she was immediately eligible for participation if no other exclusion factors existed. 

Investigators had made provision for obtaining a cervical spine radiograph if children 

were not referred with one; however, all of the six participants had had these 

radiographs performed at another facility prior to participation in the study. All of the 

referring physicians for the children in the study were notified of their patients' 

participation in the study. 

Caregivers were the child's parent or legal guardian. Caregivers assisted with 

holding the child and/or with distracting the child while the testers performed 

measurements. 

The three testers were licensed physical therapists in the state of Texas with 

experience ranging from two years to nineteen years. Assistants were individuals who 

were employees of Our Children's House and helped with recording of information or 

with distracting the children, but the assistants did not perform actual measurements. 

Measurement sessions for two of the study participants took place prior to their 

treatment times. Each tester performed a set of measurements for each direction of 

movement and for midline alignment. The two testers measured again before the 

treating therapist began exercise with the child if measurements took place on the day of 

a treatment session. For other children, their measurement sessions were set up on a 

day of greatest convenience for the caregivers and according to the availability of the 

testers. 
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Instrumentation 

The device used to measure range of motion was a single unit Acumar™ Digital 

lnclinometer6
. An inclinometer measures range of motion relative to gravity. This 

particular inclinometer allows measurement in one-degree increments as compared to a 

bubble inclinometer or a pendulum inclinometer, which give readings in two degree 

markings. The Acumar™ device contains a built-in microprocessor that calculates and 

displays the range of motion of joints in degrees. It allows for storage of up to six 

readings at one time and has a feature that enables data to be logged into a personal 

computer. This instrument operates on a six-volt battery that automatically goes into 

"sleep" mode after three minutes of nonuse in order to preserve battery life. The range 

of the Acumar™ Inclinometer is 360 degrees reading 0 ± 185 degrees (Lafayette 

Instrument Company, 2006). 

Procedures 

Handling Techniques for Measurement 

Prior to serving as testers, therapists received training in the use of the digital 

inclinometer as well as in the handling method for measurement of each dependent 

variable. Training consisted of explanation of the use of the inclinometer as well as 

specific instruction regarding handling and order of measurement. Testers practiced on 

infant dolls prior to performing the measurements on children. Testers measured midline 

alignment by placing the inclinometer on the scalp in the participant's preferred resting 

posture while he or she was sitting on a flat surface such as a mat. The caregiver · 

assisted by stabilizing at the child's shoulders. The inclinometer can reset to zero at any 

6 Lafayette Instrument Company, 3700 Sagamore Parkway North, Lafayette, IN 47904; 
www.lafayetteinstrument.com 
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point; therefore, the tester zeroed the instrument with the participant in his or her 

preferred alignment. The tester then passively moved the head to vertical alignment and 

took the reading on the inclinometer (Figure 1 ).The assistant recorded the measurement 

as indicated by the tester. Vertical alignment was defined as the point where the tip of 

the child 's nose and his sternum aligned vertically. This reading was recorded as a 

negative number to indicate the lack of complete midline alignment at rest. 

Figure 1. Midline alignment measurement 

To assess lateral flexion , the participant sat on a mat with the caregiver providing 

support or stabilization around the shoulders. The tester placed the digital inclinometer 

on the top of the child 's head in alignment with his or her nose. The tester supported the 

child 's head and passively flexed the neck to one side. She stopped the range of 

motion when either the ear stopped at the ipsilateral shoulder or when resistance was 

met and the opposite shoulder began to elevate (Figure 2). This technique was similar to 

that described by Klackenberg , Elfving, Haglund-Akerlind, and Carlberg (2005); 

however, these researchers used the supine position to measure lateral bending with an 

arthrodial protractor. In the current study, testers measured with the child in sitting 

because of the digital inclinometer's dependence on gravity to register accurately. 
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Testers took lateral flexion measurements of the unrestricted side first; secondly, the 

testers measured the restricted side. In other words, with a participant who had right 

torticollis, the tester measured right lateral flexion first and then measured left lateral 

flexion . Measurement of the movements in this specific order was an attempt to 

minimize irritation to the participant. The tester took three readings to each side for 

calculation of an average value of lateral flexion range of motion for Intraclass correlation 

coefficient analysis. 

Figure 2.Lateral flexion measurement 

The testers used the same handling method described in the Klackenberg , 

Elfving, Haglund-Akerlind, and Carlberg (2005) study to obtain cervical rotation values. 

The participant lay supine with his or her head supported by the tester at the end of a 

mat table. The caregiver stabilized the child 's shoulders in this position. The tester then 

placed the digital inclinometer in the center of the child 's forehead and zeroed it (Figure 

3). The tester passively rotated the participant's head to the right or left, stopping when 

she felt resistance or when the opposite shoulder began to rise from the surface (Figure 

4) . At this point, the assistant recorded the reading on the digital inclinometer. The 

tester measured rotation to the opposite side in a similar manner. The tester first 

measured the unaffected side (the side opposite that in which the sternocleidomastoid 
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tightness existed). The second measurement the tester made was on the side with more 

restricted motion in an effort to minimize irritation to the participant. Each tester made 

three measurements of rotation to each side, and an average was calculated for ICC 

analysis. With the exception of one trial, the testers were not present in the room where 

measurements took place at the same time. Therefore, testers were blind to one 

another's readings on the inclinometer. 

Figure 3.Supine rotation measurement 1 Figure 4. Supine rotation measurement 2 

An assistant was present when possible for these measurements to aid with 

recording data and with distracting the participant to maximize his or her cooperation. 

The assistant helped by presenting entertaining toys, blowing bubbles or by offering 

other types of child -friendly activities which served to minimize the child's irritability 

during measurement. 

Measurement Order 

Participants were selected in order of convenience and availability from various 

outpatient clinics which were part of the Our Children's House at Baylor system in the 

Dallas area. Testers also participated according to availability. The primary investigator 

for the study (Tester A) participated in every measurement session. On the initial 
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measurement session for testers, Tester A and Tester B were randomly selected via 

coin toss to make the first measurement. Since Tester A won the toss, she measured 

first. In the next measurement session performed between Tester A and B, Tester B 

measured first since Tester A measured first on the initial trial. Tester A and B 

alternated which person measured first: in every other trial , Tester A measured first. A 

sample measurement trial follows. 

When the first child arrived on Day 1, Tester A and B tossed a coin and Tester B 

correctly guessed the toss and chose to measure second. The caregiver accompanied 

the child to the testing area. Tester A showed the parent how to stabilize the child at the 

shoulders and measured midline orientation as described in the handling procedures. 

Tester A took three measurements of midline orientation. For each measurement, the 

assistant transcribed the number that Tester A determined was the appropriate number 

from the reading on the inclinometer. Tester A then measured passive lateral flexion 

with the caregiver also supporting the child at the shoulders while the child sat on a flat 

surface. Tester A measured the affected side first and then the unaffected side. Tester A 

then took two more measurements of lateral flexion in the same fashion. With each 

measurement, Tester A read the number on the digital inclinometer and requested the 

assistant to record it on the measurement sheet. Tester A then placed the child in a 

supine position and performed measurements of rotation , first to the unaffected side, 

then to the affected side while the caregiver assisted to stabilize at the shoulders. 

Tester A took two more measurements in this manner; the assistant again recorded the 

measurements as they were spoken by the tester. Immediately following Tester A, 

Tester B entered the room and began again with the same measurement sequence. 

With the exception of one trial, Tester A was not present in the room while Tester B 
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performed measurements and both were blinded to the other's results. For the one trial, 

no assistant was available and Tester A and B assisted with distraction of the child but 

attempted not to view the readings when the other tester was recording them. Tester B 

then placed the child in sitting on a flat surface and had the caregiver stabilize the child 

at the shoulders and measure midline orientation in the manner described in the 

handling section. She requested the assistant to record this number and then performed 

the same movement to obtain two more readings for midline orientation. Tester B then 

proceeded with measurement of lateral flexion, took three measurements, and 

requested the assistant to record them on the measurement sheet. Tester B positioned 

the child in supine on the mat and took measurements of his or her cervical rotation in 

the same fashion as Tester A. The assistant recorded the three measurements made by 

Tester B. The child was allowed to rest briefly; however, the caregiver did not perform 

any specific stretching exercises of the child's neck during that rest period. Tester A 

measured the child again , using the same techniques in the same order as previously 

described. Tester B then immediately followed with the same measurements as 

indicated above. After Tester B performed the full second set of measurements, the 

caregiver and child were free to leave the facility . When Tester A and Tester C 

conducted measurement sessions, Tester A consistently performed the measurements 

first. 

Data Analysis 

For purposes of statistical analysis, Model 2 of a repeated measures Analysis of 

Variance (ANOVA) was used for interrater reliability. This Model requires measurement 

of each subject by each examiner to allow generalization to the population of therapists 

who would perform measurements. This model of analysis also permitted generalization 
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to the population of children who have torticollis. Model 3 was used for intrarater 

reliability calculations. 

The reliability of measurements between and within raters was calculated by 

using Intraclass correlation coefficients (ICC). Model (2,3) using a repeated measures 

ANOVA was the method of analysis for interrater readings. Model (3,3) using repeated 

measures ANOVA was used to calculate intrarater reliability. For this model, the rater 

was a fixed effect while the subjects were the random effect; Portney and Watkins 

(2009) described this analysis as a two-way mixed model of analysis. Statistical 

Package for the Social Sciences (SPSS) for Windows version 15.0 was used to 

determine reliability coefficients (interrater and intrarater) for the average of each set of 

measurements: one for rotation in each direction, one for lateral bending in each 

direction, and one for midline alignment. Since three measurements were not able to be 

obtained in all trials, the values for single measurements are also reported for each 

participant. 
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CHAPTER IV 

RESULTS 

The purpose of this study was to determine the interrater and intrarater reliability 

of a digital inclinometer used to measure cervical spine range of motion in children or 

infants less than two years of age who have a diagnosis of torticollis. The descriptive 

and statistical information that follow provide an analysis of the reproducibility of 

measurements with the digital inclinometer. 

Table 1 provides descriptive characteristics of the study participants. Five males 

and one female participated, and they had an average age of 7.58 months. Also, four 

out of the six participants had a left-sided restriction while only two had restrictions of the 

right side. Of note, Testers A and B measured the two children who had a right sided 

torticollis. Testers A and C measured only children with a left sided restriction. lntrarater 

reliability data was available for only five out of six of the trials because Trial 1 had to be 

terminated after each tester took only one set of measurements due to the child's 

distress. lnterrater reliability data was available for all trials. 

Table 2 provides interrater reliability data for measurements of each direction of 

movement in degrees along with midline alignment. The protocol for measurements 

included three measurements of each direction of movement and of midline alignment; 

however, for 4 trials, three measurements were not able to be obtained. Therefore, 

Intraclass correlation coefficients (ICCs) for single and average measurements are 

included in the tables. Portney and Watkins (2009) indicate that ICCs above .75 suggest 

good reliability and those below .75 are of poor to moderate reliability. 
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Table 1 

Specific characteristics of participants 

Participant Age Side of Tilt Gender Testers 

1* 7.5 months Left Male A&B 

2 9.5 months Right Male A&B 

3 5 months Left Male A&C 

4 11 months Left Male A&B 

5 5.5 months Left Female A&C 

6 7 months Right Male A&B 

*For participant 1 , only one set of measurements could be obtained by each tester; therefore, his data was 

included only in the interrater reliability statistical calculations. 

Tester A and Tester 8 demonstrated insufficient interrater reliability for all 

measurements while Tester A and Tester Chad sufficient reliability for measurement of 

left rotation only (.92 for average measures and .85 for single measures). 

Tester A had a sufficient level of intrarater reliability for measurement of midline 

alignment (.94), left lateral flexion (. 78), and right rotation (.82) if average measures are 

considered (Table 5). If single measures only are considered, then midline alignment is 

the only parameter for which Tester A had sufficient reliability. Intraclass correlation 

coefficients (ICCs) for right lateral flexion and left rotation were of insufficient reliability 

for both single measures and average measures. Of note, the majority of participants 
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Position measured 
(in degrees) 

Midline alignment 

Right Lateral Flexion 

Left Lateral Flexion 

Right Rotation 

Left Rotation 

Position measured 
(in degrees) 

Midline alignment 

Right Lateral Flexion 

Left Lateral Flexion 

Right Rotation 

Left Rotation 

Table 2 

lnterrater Reliability: Mean, Standard Deviation of Measurements, ICC Tester A&B 
Tester A Tester B ICC A&B ICC A&B 

n Mean± S.D. Mean± S.D. Single Average SEM p 

4 23.19 ± 6.54 14.43 ± 3.99 0.05 0.09 6.03 0.02 

4 36.38 ± 9.80 58.88 ± 5.36 -0.06 -0.13 16.38 0.003 

4 34.14 ± 8.08 50.48 ± 9.04 0.32 0.48 9.52 0.002 

4 57.90 ± 19.44 90.00 ± 12.26 0.15 0.26 20.93 0.003 

4 68.48 ± 15.89 92.14 ± 21 .69 -0.05 -0.10 17.14 0.07 

Values for both single and average ICC measures are given since three measurements 
were not able to be obtained for all trials; SEM=Standard Error of Measurement; 

n=number of participants measured by Tester A & B 
Table 3 
lnterrater Reliability: Mean, Standard Deviation of Measurements, ICC Tester A&C 

Tester A Tester C ICCA&C ICC A&C 
n Mean± S.D. Mean± S.D. Single Average SEM p 

2 9.92 ± 1.95 10.25 ± 6.75 -0.1 -0.23 0.24 0.93 

2 28.67 ± 6.06 35.08 ± 1.34 -0.2 -0.51 4.96 0.17 

2 28.92 ± 4.84 33.92 ± 6.72 -0.01 -0.03 3.55 0.32 

2 71.62±10.18 81.92±7.96 0.46 0.63 5.35 0.06 

2 67.21 ± 23.88 77.92 ± 17.73 0.85 0.92 2.93 0.05 

Values for both single and average ICC measures are given since three measurements 

were not able to be obtained for all trials; SEM=Standard Error of Measurement 
n=number of participants measured by Tester A & C 
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Table 4 

lntrarater Reliability: Mean, Standard Deviation of Measurements 

Tester A Tester B Tester C 

Mean± S.D. Mean ±S.D. Mean± S.D. Mean ±S.D. Mean± S.D. Mean± S.D. 
n Trial 1 Trial 2 n Trial 1 Trial 2 n Trial 1 Trial 2 

Position measured 
(in degrees) 

Midline alignment 5 18.47 ± 7.16 19.67 ± 10.65 3 14.67 ± 1.20 15.78 ± 5.68 2 5.00±1.41 15.5 ± 4.95 

Right Lateral Flexion 5 34. 67 ± 11 . 06 33.27 ± 9.07 3 59.44 ± 4.86 61.11 ± 4.44 2 35.67 ± 1.89 34.5 ± 0.71 
w 
~ 

Left Lateral Flexion 5 32.80 ± 7.37 33.07 ± 8.08 3 51.45 ± 7.90 53.00 ± 10.82 2 32.84 ±1.65 35.00 ± 11.31 

Right Rotation 5 60.87 ± 13.09 69.83 ± 19.41 3 97.22 ± 6.17 90.22 ± 9.25 2 79.84±11.08 84.00 ± 7.07 

Left Rotation 5 77.40 ± 6.60 62. 70 ± 22. 70 3 85.00 ± 26.59 106.78 ± 7.32 2 84.84 ± 5.42 71.00 ± 26.87 

n= number of participants measured by each tester 



Table 5 

lntrarater Reliability: ICC Single and Average, SEM Testers A, B, & C 

Tester A Tester B Tester C 

ICC ICC ICC ICC ICC ICC 
Single Average SEM p Single Average SEM p Single Average SEM p 

Position measured 

Midline alignment 0.88 0.94 0.29 0.57 -0.30 -0.85 0.90 0.80 -0.52 -2.24 9.15 0.26 

Right Lateral Flexion -0.04 -0.08 1.01 0.84 -0.02 -0.05 1.19 0.71 0.66 0.79 0.48 0.40 

Left Lateral Flexion 0.64 0.78 0.11 0.93 0.95 0.98 0.25 0.45 -0.29 -0.8 1.28 0.85 
w 
u, 

Right Rotation 0.69 0.82 3.55 0.20 -0.87 -13.18 6.78 0.51 0.91 0.95 0.88 0.38 

Left Rotation 0.20 0.33 9.29 0.20 0.42 0.59 11.7 0.21 0.40 0.56 7.58 0.53 

Values for both single and average measures are included since three measurements were not 

able to be obtained for all trials. SEM= Standard Error of Measurement 



had a left torticollis (67%}, and the directions of Tester A's poorest reliability were the 

directions of the restricted movements. Tester 8 had good intrarater reliability for left 

lateral flexion (.95, single measure; .98 average measure) (Table 5). Tester A and Tester 

B measured two children with left torticollis and two children with right torticollis. For the 

children with a left torticollis, left lateral flexion would be a more comfortable motion for 

an examiner to measure and a movement would be more easily reproduced. Tester C 

demonstrated sufficient intrarater reliability (Table 5) for measurement of right lateral 

flexion (.79) if average measures are considered; the ICC would be of insufficient 

reliability if single measures are considered (.66), however. Tester C's ICC for right 

rotation was good (.95) but measures of other parameters were considerably less than 

the acceptable limits (.75). (Portney and Watkins,2009). 
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CHAPTERV 

DISCUSSION 

Significance of the Study 

This study to date is the first to attempt to evaluate interrater reliability in range of 

motion of children with torticollis. Cheng, Wong, Tang, Chen, Shum, and Wong (2001) 

reported an interexaminer reliability coefficient of .71 as part of their prospective study of 

children with torticollis; however, the data was unpublished, and the authors did not state 

the exact statistical measure used to obtain this number. The current study is the only 

one at this time that has used a digital inclinometer for measurement of range of motion 

in children with the diagnosis of torticollis. A small number of current research studies 

address the measurement of range of motion in children, and very few studies have 

determined reliability of measurements for young age groups. Only one group of 

researchers has focused on intrarater reliability of cervical spine measurement in 

children with torticollis (Klackenberg, Elfving, Haglund-Akerlind, & Carlberg, 2005). 

Studies to date using a digital inclinometer have included adult participants (Assink, 

Bergman, Knoester, Winters, & Dijkstra, 2008; Denny, 1992; Love, Gringmuth, Kazemi, 

Cornacchia, & Schmolke,1998; Tousignant et al., 2001), but only one study has used a 

digital inclinometer to assess range of motion in adolescents (Awan, Smith,& Boon, 

2002). In fact, Awan, Smith, and Boon's study did not address reliability of the 

inclinometer but examined reliability of handling and stabilization techniques when using 

the digital inclinometer to measure shoulder internal rotation range of motion. 
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The current study is also the first to evaluate reliability of midline alignment 

measurements in sitting for children with torticollis. Klackenberg, Elfving, Haglund

Akerlind, and Carlberg's (2005) study evaluated intrarater reliability for passive range of 

motion of children when they were lying supine; however, they did not evaluate 

movement or posture in a sitting position. The infants in their study were from one to 

five months; thus, their head control would be limited for purposes of evaluating their 

head and neck posture in an upright orientation. 

A number of studies have evaluated the interrater or intrarater reliability of 

inclinometers for measurement of neck range of motion. All of these studies involved 

adult participants. While some of the research with adults involved measurements of 

passive range of motion and other studies evaluated active range of motion, most 

participants could comply with procedures in a fairly standard fashion. The intrarater 

reliability study by Klackenberg, Elfving, Haglund-Akerlind, and Carlberg (2005) showed 

that the arthrodial protractor and universal goniometer had sufficient intrarater reliability 

for children with torticollis. The children in that study were from one to five months of 

age and therefore had not yet achieved a great deal of independent mobility. They were 

less able to try to move away from the examiners than many of the participants in the 

current study. Also, Ohman, Nilsson, and Beckung (2009) demonstrated reliability of the 

muscle function scale for children with torticollis as a measurement tool for lateral neck 

muscle strength. Their study involved raters viewing photographs of children held in 

position; therefore, cooperation of participants did not pose a problem. Raters also had 

an indefinite time period to decide on a rating of the muscle because they used 

photographs. 
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One clinical observation from the measurement trials was that because the 

testers placed the digital inclinometer on top of the child's head to assess midline 

alignment, the instrument appeared to be less distracting and less likely to distort the 

reading than a universal goniometer. No comparison readings were taken, but the 

testers agreed that when they measure midline position in sitting with a universal 

goniometer, children often tilt their heads to regard the goniometer. However, since they 

cannot see the inclinometer on the top of their head, they were not as likely to change 

their head posture when measurements were taken. Additionally, the digital inclinometer 

is small enough that it can be manipulated with one hand while a therapist holds the 

child's head with the other hand. In this study, the testers had assistants present to 

record the readings; however, this inclinometer has the ability for the examiner to store 

up to six readings. This feature could prove extremely useful clinically for therapists who 

typically do not have assistants present to record measurements. 

The sample of children in this study paralleled the characteristics of children in 

other studies of congenital muscular torticollis. Cheng, Wong, Tang, Chen, Shum, and 

Wong (2001) described a ratio of three males to two females in their sample of 821 

children with torticollis. The current study involved five males and one female. 

Additionally, the Cheng et al. (2001) study had a greater proportion of children with a 

left -sided restriction of the sternocleidomastoid muscle (52.5%) than those with a right

sided restriction (47.5%). In the present study, a higher percentage of the participants 

had a left torticollis (67%) as compared to those who had a right torticollis (33%). 
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Limitations of the Study 

One of the challenges involved with any type of pediatric research study involves 

achieving full compliance of the participants with the study protocol. The age of the 

infants seemed to affect their tolerance of measurement. Children who were older and 

more mobile (e.g., pulling to stand or able to crawl) had less desire to sit still and were 

harder to entertain for a prolonged period of time to achieve full sets of measures. The 

first measurement trial had to be terminated after one set of measurements by each 

tester because of the child's extreme agitation. On the final measurement trials for two 

other children, only one set of measures (instead of three) could be obtained because of 

the children's restlessness. To avoid excessive distress for the child, parent, and tester, 

one measurement was taken for rotation on the second measurement trial for both of 

these children. Researchers in future studies might consider taking only two 

measurements in each direction to obtain an average reading as opposed to three 

measures to increase the chances of sustained cooperation from the participants. 

Additionally, in the clinical setting, since therapists typically do not attempt to obtain 

three measurements in each direction of movement, they may have more success with 

having children hold a position to get readings on the inclinometer. 

None of the testers in this study had used the digital inclinometer in the clinical 

setting with children prior to the study, but they received instruction in and demonstrated 

measurement techniques on a doll before actually conducting measurements with 

children. Tester A showed the highest ICCs for intrarater reliability as compared to 

Testers 8 and C. Tester A participated in all trials, which could suggest a practice effect 

that enabled her to be more consistent with the measurement techniques. The digital 
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inclinometer is very sensitive to movement by the person holding the device and by the 

patient. Therefore, fluctuations in the numerical reading during the measurements often 

required testers to make rapid decisions about the number to record and involved some 

subjective judgment. Perhaps higher reliability would have resulted if testers had 

practiced using the device more before testing sessions took place. This finding is 

similar to that of Nilsson (1995), who found interrater reliability (Pearson's r) to be less 

than acceptable (.29-.66) when one of the testers in that study had extremely limited 

training in use of the device. The author indicated that this lack of experience could have 

contributed to the poor reliability coefficients between testers. 

Another limitation of this study was the small number of children who were 

available for measurement. Because of limited funding for cervical spine radiographs, 

the children who participated were those whose physicians referred them and had 

cervical spine radiographs performed prior to coming to the therapy facility. Not all 

physicians routinely order cervical spine radiographs prior to a referral for therapy. The 

inclusion criteria necessitated that a child have a cervical spine radiograph before 

participation; therefore, data collection was limited by the fact that radiographs had 

previously been performed on very few children. Coordination of schedules of the 

testers and the families for measurement sessions proved more challenging than was 

originally anticipated and affected the number of children who were able to participate. 

Gajdosik and Bohannon (1987) conducted a review of goniometry research 

evaluating reliability and validity, and the findings in the current study parallel the trends 

of earlier studies of the reproducibility of readings with a universal goniometer. Gajodisk 

and Bohannon indicated that passive range of motion readings are more difficult to 
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perform in a reproducible manner than are measurements of active range of motion. 

The authors also found in previous studies a tendency for higher intratester reliability 

than intertester reliability with the universal goniometer. Even in studies with healthy 

individuals, intertester reliability was lower than intratester reliability for that device. 

Results from the current study are similar to those in the Nilsson (1995) study which 

evaluated interrater reliability of the cervical range of motion (CROM) device to measure 

passive range of motion of the cervical spine in adults. lnterexaminer reliability was 

unsatisfactory, and Nilsson attributed this finding to different individuals performing 

passive movements in different ways. In the current study, the testers also exhibited 

differences in the manner of applying passive overpressure, and children cooperated at 

different levels for each trial. In Youdas, Garrett, and Carey's 1991 study of the CROM 

device with adults, intrarater reliability was acceptable; however, interrater reliability was 

poor for left rotation. lnterrater reliability was high for flexion, extension, and lateral 

bending. In the present study, flexion and extension data were not collected because 

these movements are not typically restricted in children with torticollis. 

Jones, Stratton, Reilly, and Unnithan's (2002) study compared reliability of 

measurements in the spine and the lower extremities of children. They included a group 

of children with back pain and a control group who had no pain. The authors found a 

higher degree of error in the group with pain back. Children and infants with torticollis 

cannot verbally express pain, but their physical and emotional responses are good 

indicators of its presence. Their resistance to movement at endrange of motion or crying 

definitely impacted the testers' ability to measure in a repeatable manner. Some of the 

participants in this study had achieved developmental milestones such as crawling or 

42 



pulling to stand. These children tended to try to move their bodies away from the testers 

during measurements. Other children who were not yet sitting independently and had 

less mobility demonstrated resistance to the range of motion movements when the 

testers tried to measure or simply cried to express their discomfort with the procedures. 

Cheng, Wong, Tang, Cheng, Shum, and Wong, (2001) reported unpublished data that 

they determined the interexaminer reliability coefficient to be . 71 for measurement of 

rotation with an arthrodial protractor for their prospective study of children with torticollis. 

No indication of the exact statistic used was in the article, however. They also reported 

that, clinically, rotation is easier to measure than lateral flexion. In the current study, 

generally, measures of rotation showed higher ICCs both between and within testers 

than did measures of flexion. 

Suggestions for Future Studies 

A number of studies could emerge for future research based on the current 

study. A criterion validity study using a universal goniometer, arthrodial protractor, and a 

digital inclinometer would enable comparison of these different methods of 

measurement. Since Klackenberg, Elfving, Haglund-Akerlind, and Carlberg (2005) have 

established sufficient intrarater reliability of the arthrodial protractor for measurement of 

range of cervical motion in children with torticollis, clinicians might find value in a 

comparison of the arthrodial protractor with other instruments. Another potential study 

would be to evaluate range of motion of the cervical spine in children without torticollis. 

Additionally, because the digital inclinometer can measure different joints, other research 

studies could examine the reliability of the device when it is used for different body 

segments. Pediatric participants who are at an age which would allow them to 
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cooperate more with testing procedures may increase the reproducibility of 

measurements. 

The results of this study showed similar findings to others of reliability for 

range of motion devices. lntrarater reliability in general was higher than interrater 

reliability. Results would suggest that with practiced use of the digital inclinometer, a 

clinician could consistently reproduce measurements with the device when measuring 

range of motion in children with torticollis. Continued use of this device in research and 

clinically would be recommended to truly determine its utility for pediatric physical 

therapists. 

Conclusions 

The digital inclinometer has potential as a useful clinical instrument for 

examination and evaluation of children with torticollis. Pediatric physical therapists need 

to have a choice of instruments available to use for documentation of outcomes in 

children with this diagnosis. For measuring young children with limited mobility, it could 

provide a reliable measurement method for one clinician to use on a repeated basis. 

The digital inclinometer may offer an alternative way to measure midline position of 

children with torticollis when they are in a sitting posture since it does not distract them 

visually as other instruments, such as the universal goniometer, has potential to do. 

Because it is small and allows for storage of readings, therapists may find the digital 

inclinometer convenient for use clinically. Pediatric therapists may hesitate to use 

instruments originally designed for adult patients. However, the digital inclinometer is a 

device that physical therapists who work with children should consider using for many 

reasons. It is small and can fit on a child's head or spine as well as on small extremities. 
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The inclinometer is portable and has the capacity to store readings, which could prove 

very useful in a fast-paced examination session. By practicing use of the inclinometer 

with children having a variety of diagnoses, pediatric therapists can gain proficiency in its 

use and thus have another examination tool to include as part of their practice. 
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The Institutional Review Board has reviewed the above referenced research project in accordance with 45 
CFR 46, 21 CFR 50 & 56 and 45 CFR 164. This review was conducted at a meeting of the fully convened 
IRB. 

The Board reminds you that Baylor Policy requires that that unless waived, fully documented informed 
consent must be obtained in accordance with 45 CFR 46.116 and 21 CFR50.20 from all human subjects 
involved in this research study. Informed consent must be obtained by the principal investigator or other key 
personnel as listed in this submission. Documentation of informed consent must be kept on file for a period 
of three years past completion or discontinuation of the study and will no doubt be subject to inspection in the 
future. 

In addition, 45 CFR 164 requires that, unless waived by the IRB, authorization must be obtained for use and 
disclosure of Protected Health Information. If this project is currently open to new enrollment, the approved 
version of the consent form(s) is listed above. The document(s) reyiewed in this submission has been 
determined to satisfy the requirements as outlined in 45 CFR 164.508. · 

DHHS and FDA regulations require you to submit periodic and terminal progress reports to Baylor's 
Institutional Review Board and to receive at least annual approval of your activity from this Committee. 

You are also required to report to this Committee immediately any death, unanticipated problems invoving 
risks to subjects or others, or serious adverse incidents resulting from your study. These events must be · 
reported in accordance with current BRI Policies 830 and 838. 

Federal regulations and institutional policies require that the IRB review any and all changes in your research 
activity. This includes amendments, revisions, administrative changes, advertisements, or AN:{ other change 
in the information as presented at initial review. In other words, should your project change, another review 
by the Board is required. Failure to comply with any of the above requirements, federal regulations, or 
institutional policy may result in severe sanctions being placed on the Medical Center and on you as the 
Principal Investigator. These sanctions could result in your research being permanently terminated for non
compliance. 

Receipt of approval does not convey institutional authority to gain additional patient information. It is your 
responsibility as Principal Investigator to abide by institutional and/or departmental policies regarding 
confidentiality, access, and release of patient data. 

Please be advised: there may be additional administrative requirements from Baylor Research Institute that 
must be met before the study may begin enrolling subjects. 

Sincerely, 

Lawrence R. Schiller, MD, Chair 
Institutional Review Board ~ Blue 
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On behalf of the Institutional Review Board, I have reviewed the above referenced research project in 
accordance with 45 CFR 46 & 164 and 21 CFR 50 & 56. This review was conducted in accordance with the 
expedited review process as outlined in 45 CFR 46.1 IO(b ). Based on the information presented, I have 
determined that the study meets the criteria specified below. 

45 CFR 46.1 lO(b )(2): 
(2) minor changes in previously approved research during the period (of one year or less) for which approval 
is authorized 

Based on this review, the above referenced items are approved for implementation. 

The Board reminds you that Baylor Policy requires that that unless waived, fully documented informed 
consent must be obtained in accordance with 45 CFR 46.116 and 21 CFR50.20 from all human subjects 
involved in this research study. Informed consent must be obtained by the principal investigator or other key 
personnel as listed in this submission. Documentation of informed consent must be kept on file for a period 
of three years past completion or discontinuation of the study and will no doubt be subject to inspection in the 
future. 

In addition, 45 CFR 164 requires that, unless waived by the IRB, authorization must be obtained for use and 
disclosure of Protected Health Information. If this project is currently open to new enrollment, the approved 
version of the consent form(s) is listed above. The document(s) reviewed in this submission has been 
determined to satisfy the requirements as outlined in 45 CFR 164.508. 
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DHHS and FDA regulations require you to submit periodic and terminal progress reports to Baylor's 
Institutional Review Board and to receive at least annual approval of your activity from this Committee. 

You are also required to report to this Committee immediately any death, unanticipated problems invoving 
risks to subjects or others, or serious adverse incidents resulting from your study. These events must be 
reported in accordance with cun-ent BRI Policies 830 and 838. 

Federal regulations and institutional policies require that the IRB review any and all changes in your researc 
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institutional policy may result in severe sanctions being placed on the Medical Center and on you as the 
Principal Investigator. These sanctions could result in your research being permanently terminated for non
compliance. 

Receipt of approval does not convey institutional authority to gain additional patient information. It is your 
responsibility as Principal Investigator to abide by institutional and/or departmental policies regarding 
confidentiality, access, and release of patient data. 

Please be advised: there may be additional administrative requirements from Baylor Research Institute that 
must be met before the study may begin enrolling subjects. 

Sincerely, 

Lawrence R. Schiller, MD, Chair 
Institutional Review Board~ Blue 

Project# 009-047 
55 

Page 2 



Appendix C 

Radiation Safety Committee Approval Letter 

56 



c2!JBAYLOR 
- University Medical Center 

at Dallas 

March 3, 2009 
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Baylor Physical Medicine 
3301 Swiss Avenue 
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Department of Radiology Imaging 
Section of Medical Physics and 
Radiation Safety 
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2625 Elm Street 
Dallas, Texas 75226 
(214) 820-7233 
(214) 820-8149 Fax 
www.BaylorHcalth.com 

IRB #009-047: Interrater and Jntrarater Reliability ofa Digital Inclinometer for 
Measurement of Cervical Range of Motion in Children with Torticollis. 

Dear Ms. Early, 

The Committee on Radiation Safety and Radioisotopes has reviewed and approved the 
above shown IRB with regard to issues of radiation safety. 

Please remember that the CRSR, through the Radiation Safety Office, should be kept 
informed if: 

a. there are significant changes in the protocol 
b. the project were to be abandoned for any reason, or 
c. the project is successfully concluded 

If you have any questions regarding any radiation safety issue, please do not hesitate to 
call the Office of Radiation Safety at 214-820-7133. 

B. Rose Gettman 
Office Coordinator 
Office of Radiation Safety 

cc: Elizabeth Cothran 
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u School of Physical Therapy 
8194 Walnut Hill Lone, Suite 201 
Dallas, TX 75231-4365 
Phone: 214-706-2300 FAX: 214-706-2361 
www.twu.edu/pt 

DENTON DALLAS HOUSTON 

April 15, 2009 

Diana Early, PT 
School of Physical Therapy 
Dallas Campus 

Dear Ms. Early: 

The study entitled "Intrarat~r and interrater reliability of the Acumar digital inclinometer 
for measurement of cervical range of motion in children with Torticollis" has been 
reviewed by the members of the Institutional Review Board and in their judgment meets 
requirements in regard to protection of individuals' rights. The Institutional Review 
Board approves collection of data for this project. This approval is granted for one year. 
You are responsible for updating the committee concerning the status of this project 
should it continue past the expiration date of April 15, 2010. You are also responsible for 
keeping the committee informed of any changes in the study, which affect human rights'. 

For this study, signatures indicating informed consent must be obtained from all human 
subjects. These are to be filed with the Institutional Review Board. Upon receipt of thesy 
consent forms, the committee will issue a statement ending its involvement with this 
project. 

If you have any questions concerning this review, I may be contacted at (214)706-2461 
or by e-mail, slin@twu.edu. The Institutional Review Board is pleased to acknowledge 
your sense of responsibility for ethical research. 

Sincerely, 

/~-~~ 
Suh-Jen Lin, PT, PhD 
Chair 
Institutional Review Board, Dallas 
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IRB Project Number 009-047 

Our Children's House at Baylor 

2.0 
5/21/2009 

Dallas, Texas; Coppell , Texas; Las Colinas, Texas; Waxahachie, Texas; Rockwall , Texas: 
Grapevine, Texas; Irving, Texas; Frisco, Texas; Plano, Texas; Alle11, Texas; 

PARTICIPATION EXPLANATION AND CONSENT FORM 

PROJECT TITLE: Interraler and Intraraler Reliability of a Digital Inclinometer for 
;\tleasurcmcnt of Cervical lfange of ;\·lotion in Children with 
Torlicollis 

INVESTIGATORS: Rajashrec Srinivasan. M.D. 
Diana Early, PT 
Melissa Kauk, PT 
Heather Hanlak, PT 
Julie Burkhalter. PT 

TELEPHONE NUMBER: (214) 820-9401 

lf you arc a parent consenting for your minor chi Id. all rcrcrenccs lo ''you" may refer lo "you and 
your child". 

JNTRODUCTlON: 

Before you say that you will he in this clinical trial (a kind of research slllcly) you need to read 
this form. It is important for you lo understand all the information in this form. This form ,viii 
Lcll you what the clinical trial is about and how it will be done. It will tell you about some 
problems that might happen dming the clinical trial. It 1,,vill also tell you about the good things 
tha1 might happen for you during the clillical trial. \Vhen you read a paper like this to learn ahout 
a clinical trial it is called ''informed consent.·· The people who are doi11g this clinical trial are 
giving you very important information about the clinical trial. \.Vhen you give your consent for 
something, it is the same as giving your pcrmi~sion. This consent form may contain words that 
you do not understand. Please talk \Vith 011e of the therapists if you have questions. Do not sign 
this consent form unless all your questions have been answered and you feel comfortable with 
the informatio11 you have read. You will he given a copy of the form lo keep. 

You and your child arc being asked to take parl in this study because your child has been 
diagnosed as having lorticollis aml your child is less than two years old. Torticollis is a 
co11dilion i11 which a child is not able to hold his or her head in a straight position and can occm 
for many reasons. It can be present al birth or develop after birth. The reason your child is 
receiving therapy is lo allow him or her lo have the ability lo hold his or her head upright ,m<l lo 
he able: to turn his or I 1er head equally to the right and left sides . 
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Why Is This Study Being Done? 
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• The purpose of this study is to test the ability of a digital inclinometer to measure 
consistently the movement of the neck of a child who has torticollis. A digital 
inclinometer is a device that is used to measure the movement of the back or the neck. 

• The purpose of this study is to find out if two different people can measure a child's neck 
movement the same way and have the same result. 

• The purpose of this study is also to find out if the same person can make the same 
measurements on the same child consistently with the digital inclinometer. 

• The purpose of this study is to determine if a digital inclinometer is a tool that will be 
useful in the physical therapy evaluation of children. This instrument is most often used 
with adults and has not had prior research published involving children. 

11 The purpose of this study is to help determine a way for physical therapists at Our 
Children's House to make measurements with children in a consistent manner. 

Whal is the Status of the Device involved in this study? 

The Acumar Digital Inclinometer is a battery operated device that can be used in physical 
therapy evaluations with adults. It does comply with general controls of Good Manufacturing 
Practice. lt is not subject to FDA approval because it is considered what is called a "Class I" 
device and does not require premarket approval by the manufacturer. 

How Many People Will Take Part In The Stud;y? 

About 30 people locally will take part in this study. They will come to one of the Our Children's 
I louse at Baylor clinic locations for taking part in the study. 

What Is Involved In The Study? 

If you decide to take part in this study, you will be asked to come to a location of Our Children's 
House at Baylor. If prior to taking part in the study your child has not already had an x-ray of his 
or her neck, you will be asked to get one for your child. A physician who is taking part in the 
study will order this x-ray. The x-ray is being done to make sure that your child does not have 
any problems with the bones in his or her neck that measurement or repeated movement would 
make worse. If your child does have a problem with his or her neck, then her or she will not be 
ahle to take part in the study. After your child has received his or her x-ray and no problems 
have been found with the bones in his or her neck, you will have a designated time to anive. 
Your child will accompany you, and it would be best to have a bottle or snack for your child to 
have while he or she is resting. Your child will be measured by two different physical therapists 
at the first point in time. The measurements will involve your child being held in upright sitting 
and the therapist allowing you to hold your child around his or her shoulders and rest his or her 
head in the typical posture. The therapist will measure using the digital inclinometer on top of 
your child's head in a sitting position. The therapist will set the inclinometer to zero and then 
move your child's head to an upright position and take a measurement. The therapist will also 
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measure your child in sitting with you supporting his or her shoulders and bend his or her neck to 
the right and left sides to see how far he or she is able to tilt his or her head. Your child will then 
be placed on his or her back and will have his or her head supported on the edge of a mat. The 
therapist will then measure how far your child's head turns to the right or the left by putting the 
digital inclinometer on your child's forehead and rotating his or her head first one way then the 
other. The side which has the muscle tightness will be measured first. The therapists will take 
three measurements in each position. One therapist will perform these measurements, 
immediately followed by another therapist performing the same measurements. You and your 
child will then have a break for about one-half hour (30 minutes). You will be allowed to feed 
your child or simply to let him/ her sleep or to play with him/her. You are asked not to perform 
any of the neck exercises which you might be practicing at home with him or her in between the 
times when your child is measured since this could possibly affect how accurate the readings will 
be. In total we expect that you will not have to spend more than 1 ½ to 2 hours at the clinic for 
while taking part in this study. If your child has not had a cervical spine x-ray prior to the clay of 
measurement, this may have to be done at the Dallas facility before you have your measurements 
performed. In this case, your time commitment would involve having the x-ray performed and 
then waiting for a physician to read the x-ray to be sure your child does not have a defect that 
would not allow him or her to participate. Ideally this would mean not more than 3 to 4 hours of 
time commitment on one day. If you would so desire, you could have the x-ray performed and 
then leave and return for a measurement on that day. If you would prefer to have the x-ray done 
at a facility closer to your home, the order could be obtained from Dr. Rajashree Srinivasan and 
then you could have this perfonned at a facility of your choosing. Before participation in the 
study, the investigators would need a written interpretation of the x-ray to make certain your 
child docs not have a bony problem that would not allow him or her to take part in the study. 

How Long Will I Be In The Study? 

This study wi11 involve approximately I ½ to 2 hours on one day. If your child has not already 
had a neck x-ray, the study will also require the time to take your child to have one done. This 
could possibly mean a time commitment of up to three hours but will depend on the length of 
time for the x-ray to be taken and read by the physician. If all measurements are able to be 
taken on one day, you will not need to return for any further measurements. ff for some reason 
your child is not able to tolerate measurement on that day and you still wish to take pait, your 
measurement session can be rescheduled. No follow-up after the day of measurement is 
required. 

You can stop taking part in this study at any time. However, if you decide to stop taking part in 
the study, we encourage you to talk to the researcher first. 

What Are The Risks of The Study? 

The risks involved in this study are similar to what you and your child might experience in an 
evaluation session or a regular treatment session for your child's diagnosis of torticollis. Your 
child could possibly become upset when he or she is being measured because of a tight muscle 
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being stretched. If your child becomes upset, this could possibly cause you psychological distress 
as it could cause distress to your child. The effects of measurement are that it could possibly 
improve the movement in your child's neck. It could also cause some mild muscle soreness. If 
your child tends to have stranger anxiety, he or she could also become upset and cry if a new 
person works with him or her. 

Radiation Risks from a cervical spine (neck) X-ray if needed: People are exposed to radiation 
every day of their lives from both natural and manma<le sources. The amount of radiation 
exposure your child will receive from a single cervical spine x-ray is estimated to be about what 
you would receive from natural and manmade radiation from living on the ea1th for about 1 day 
and is within diagnostically acceptable limits. This is a very small amount of radiation and poses 
minimal risk. 

If you have questions about these risks and side effects, ask the researcher. 

Your therapist may be taking part as a researcher in this study. You are under no obligation to 
take part, and your choice to be involved in this study will not affect the quality of your child's 
care at Our Children's House. Before you take part in this study, you arc welcome to discuss 
your care with another therapist who is not involved in the study. 

Are There Benefits to Taking Part in The Study? 

ff you agree to take part in this study, there may or may not be direct medical benefit to you. We 
hope that the information learned from this study will benefit other patients with this diagnosis 
in the i"uture. 

The possible benefits of taking part in the study are the same as receiving treatment for torticollis 
if you do not take part in this study. During the study, your child will receive exercise from 
licensed physical therapist at no charge to you or your insurance company. The measurement 
trials likely will not take as long as a regular therapy session, however. 
What Other Options Are There? 

Instead of being in this study, you have the option of receiving regular scheduled treatment 
sessions with your therapist. 

What About Confidentiality? 

You have a right to privacy. This means that all the information about you from this study will 
only be shown to the people working on the study. The results of this study may be published in 
a scientific book or journal. If this is done, your name will not be used. All information about 
you from this research project will be kept in a locked office or other locked area. Information 
that is kept on computers will be kept safe from access by people who should not sec it. 

The privacy law requires that Baylor Research Institute get your permission before giving any of 
your health information to other people. There arc people who need to review your child's 
information to make sure the study is done correctly. These people may look at or copy your 
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information while they are doing this review. When you sign this form you give permission to 
Baylor Research Institute to give other people information about your child's health as needed 
for the research project. These groups include people who work for Baylor Research Institute 
(including the Institutional Review Board), the US Food and Drug Administration, the Office for 
Human Research Protections and the Association for the Accreditation of Human Research 
Protection Programs. This also includes the following groups of people who are working with 
the sponsor of the study: your doctor who referred you, other therapists at Our Children's House 
at Baylor clinics, or therapists at the clinic from which you have been referred. Even though we 
usually remove your name from the information, the people who get this information may be 
able to figure out who you are. The kinds of health information that might be given to these 
people include results from lab tests or other tests like x-rays. This information might also be 
notes written by your doctor from your medical record or notes written by your doctor asking for 
tests to be done on you. Measurements that were made of your child's neck movement or his or 
her response to the measurement might be shared with your therapist or physician. In addition, 
the Institutional Review Board at Texas Woman's University will receive copies of this form to 
keep in their secure files. Also, two professors on the physical therapy faculty at Texas 
Woman's University, Dr. Venita Lovelace-Chandler and Dr. Mary Thompson, may have access 
to your child's measurements; however, the information will be recorded in a fashion such that 
your child would remain anonymous. The professors may also need to have access to this form; 
however, this institution maintains confidentiality standards according to the law in the same 
fashion as Baylor Research Institute. 

You do not have to give this permission and it is all right to refuse to sign this form. Your 
therapist will still treat you and your insurance company will still pay your medical bills 
(according to their policy) even if you do not give your permission for us to release this 
information. However, since it is important for the people listed above to have access to your 
information, if you do not sign this form, you cannot be in the research study. 

If you give permission to Baylor Research Institute to give other people information about your 
health and the other people are not part of the group that must obey this law, your health 
information will no longer be protected by the privacy lmv. However, we will take all reasonable 
measures to protect your information from being misused. 

If you change your mind and later want to withdraw your permission, you may do so. You must 
notify Baylor Research Institute in writing at 33 lO Live Oak, Suite 501, Dallas. TX 75204. If 
you decide to do this, it will not apply to information that was given before you withdrew your 
permission. 

You may not be allowed to look at your health information during this study. However, at a later 
time, you will be able to look at this information. This later time will be sometime after the 
study is completed. 

Unless permission is withdrawn, this permission will not expire at the end of the study. 
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What Arc the Costs? 
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The only cost for taking part in this study is the travel expense to come to the Our Children's 
House at Baylor Clinic in Dallas, Frisco, Plano, Coppell, Irving, Waxahachie, Rockwall, Allen, 
Grapevine, or Las Colinas and the cost of your time. You will be responsible for providing any 
snacks or other food that your child might require during the waiting period. 

If yom child is required to have the x-ray as explained in the section "What is Involved in the 
Study?" then you (or your insurance company) will be expected to pay for this x-ray. No funds 
have been set aside for the study to fund this x-ray. This x-ray is often done as part of the initial 
assessment prior to a child's beginning therapy for torticollis. 

Will I Be Paid For Taking part in This Study? 

You will receive a $10.00 gift card from Target for taking part in this study. 

What if I or My Child Arc Injured or Become Ill while Taking Part in this Study? 

The people doing this research project \Vill do everything they can to make sure you or your 
child do not get hurt during the project. If he or she does get hurt, there arc some things that you 
need to know: 

• Baylor Health Care System, Baylor Research Institute and Our Children's House at 
Ilaylor have not set funds aside to pay you money if you or your child is hurt. 

e If you or your child has an emergency illness during the project, the people working with 
you will provide emergency care .. You or your insurance company may need to pay for 
the emergency care if that happens. 

• You have not given up any of your legal rights by signing this form. 

What are My Rights as a Participant? 

Taking part in this study is voluntary. You may choose not to allow your child to take part or 
may leave the study at any time. U you agree to take part and then decide agi1inst it. you can 
withdraw for any reason. Deciding not to be in the study, or leaving the study early, will not 
result in any penalty or loss of benefits that you would otherwise receive. 

We will tell you about any new information that may affect your health. welfare, or willingness 
to stay in this study. 

All of the people working on the project must be careful not to carelessly harm you. If you are 
hurt during this project, you have the right to seek legal counsel. Nothing in this consent form 
takes away that right if you arc hurt during this research. 
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Whom Do I Call If I have Questions or Problems? 
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If you have concerns, complaints or questions about the study or have a research-related injury, 
contact the Principal Investigator, Diana Early, (214) 344-0267 (pager) and she will return your 
call. 

For concerns, complaints or questions about your rights as a research subject or if you simply 
wish to speak with someone who is not a part of the research staff, contact Lawrence R. Schiller, 
M.D., IRB Chair, at 214-820-2687. 

Statement ol' Person Obtaining Consent: 

1 have explained to _______ _ the purpose of the research project, the procedures 
required and the possible risks and benefits to the best of my ability. They have been encouraged 
to ask questions related to taking part. 

Signature of Person Obtaining Consent Date Time 

Statement of Principal Investigator (if PI did not sign above): 

As Principal Investigator of this study, I confirm that to the best of my knowledge this subject 
has voluntarily agreed to allow his/her child to take part in this study and has had an opportunity 
to ask questions and has received answers to these questions . If another individual was 
responsible for obtaining informed consent, then this individual has signed above. 

Signature of Principal Investigator Date Time 

Confirmation of Consent by Research Subject: 

You are making a decision about being in this research study. You will be asked to give your 
written consent if you want your child to be in the study. Giving consent is like giving 
permission. You should not give your permission lo be in this study until you have rea<l and 
understood all the pages in this form. If you cannot read, then someone can read the form to you. 
Make sure that all your questions about this research project have been answered before you sign 
lhis form . When you sign this form, you arc giving your permission to be in the study. By 
signing this form, you have not given up any of your legal rights or released anyone from 
liability for negligence. 
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_____________ __ has explained to me the purpose of the research project, the 
study procedures that I will have, and the possible risks and discomforts that may happen. I have 
read ( or have been read) this consent form. I have been given a chance to ask questions about 
the research study and the procedures involved. I believe that I have enough information to 
make my decision. I have also been told my other options. To the best of my knowledge, I am 
not in any other medical research. Therefore, I agree to give my consent for me and my child to 
take pai1 as a subject in this research project. 

Signature of Parent or Legal Guardian Date Time 
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BAYLOR RESEARCH INSTITUTE 

Our Children's House at Baylor 

2.0 
5/21/2009 

Dallas, Texas; Coppell, Texas; Las Colinas, Texas; Waxahachie, Texas; Rockwall, Texas; 
Grapevine, Texas; Irving, Texas; Frisco, Texas; Plano, Texas; Allen, Texas; 

PARTICIPATION EXPLANATION AND CONSENT FORM 

PROJECT TITLE: Interrater and Intrarater Reliability of a Digital Inclinometer for 
Measurement of Cervical Range of Motion in Children with 
Torticollis 

INVESTIGATORS: Rajashree Srinivasan, M.D. 
Diana Early, PT 
Melissa Kauk, PT 
Heather Hantak, PT 
Julie Burkhalter, PT 

TELEPHONE NUMBER: (214) 820-9401 

If you are a parent consenting for your minor child, all references to "you" may refer to "you and 
your child". 

INTRODUCTION: 

Before you say that you will be in this clinical trial (a kind of research study) you need to read 
this form. It is important for you to understand all the information in this form. This form will 
tell you what the clinical trial is about and how it will be done. It will tell you about some 
problems that might happen during the clinical trial. It will also tell you about the good things 
that might happen for you during the clinical trial. When you read a paper like this to learn about 
a clinical trial it is called "informed consent." The people who are doing this clinical trial are 
giving you very important information about the clinical trial. When you give your consent for 
something, it is the same as giving your permission. This consent form may contain words that 
you do not understand. Please talk with one of the therapists if you have questions. Do not sign 
this consent form unless all your questions have been answered and you feel comfortable with 
the information you have read. You will be given a copy of the form to keep. 

You and your child are being asked to take part in this study because your child has been 
diagnosed as having torticollis and your child is less than two years old. Torticollis is a 
condition in which a child is not able to hold his or her head in a straight position and can occur 
for many reasons. It can be present at birth or develop after birth. The reason your child is 
receiving therapy is to allow him or her to have the ability to hold his or her head upright and to 
be able to turn his or her head equally to the right and left sides. 
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Why Is This Study Being Done? 
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• The purpose of this study is to test the ability of a digital inclinometer to measure 
consistently the movement of the neck of a child who has torticollis. A digital 
inclinometer is a device that is used to measure the movement of the back or the neck. 

• The purpose of this study is to find out if two different people can measure a child's neck 
movement the same way and have the same result. 

• The purpose of this study is also to find out if the same person can make the same 
measurements on the same child consistently with the digital inclinometer. 

• The purpose of this study is to determine if a digital inclinometer is a tool that will be 
useful in the physical therapy evaluation of children. This instrument is most often used 
with adults and has not had prior research published involving children. 

• The purpose of this study is to help determine a way for physical therapists at Our 
Children's House to make measurements with children in a consistent manner. 

What is the Status of the Device involved in this study? 

The Acumar Digital Inclinometer is a battery operated device that can be used in physical 
therapy evaluations with adults. It does comply with general controls of Good Manufacturing 
Practice. It is not subject to FDA approval because it is considered what is called a "Class I" 
device and does not require premarket approval by the manufacturer. 

How Many People Will Take Part In The Study? 

About 30 people locally will take part in this study. They will come to one of the Our Children's 
House at Baylor clinic locations for taking part in the study. 

What Is Involved In The Study? 

If you decide to take part in this study, you will be asked to come to a location of Our Children's 
House at Baylor. If prior to taking part in the study your child has not already had an x-ray of his 
or her neck, you will be asked to get one for your child. A physician who is taking part in the 
study will order this x-ray. The x-ray is being done to make sure that your child does not have 
any problems with the bones in his or her neck that measurement or repeated movement would 
make worse. If your child does have a problem with his or her neck, then her or she will not be 
able to take part in the study. After your child has received his or her x-ray and no problems 
have been found with the bones in his or her neck, you will have a designated time to arrive . 
Your child will accompany you, and it would be best to have a bottle or snack for your child to 
have while he or she is resting. Your-child will be measured by two different physical therapists 
at the first point in time. The measurements will involve your child being held in upright sitting 
and the therapist allowing you to hold your child around his or her shoulders and rest his or her 
head in the typical posture. The therapist will measure using the digital inclinometer on top of 
your child's head in a sitting position. The therapist will set the inclinometer to zero and then 
move your child's head to an upright position and take a measurement. The therapist will also 
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measure your child in sitting with you supporting his or her shoulders and bend his or her neck to 
the right and left sides to see how far he or she is able to tilt his or her head. Your child will then 
be placed on his or her back and will have his or her head supported on the edge of a mat. The 
therapist will then measure how far your child's head turns to the right or the left by putting the 
digital inclinometer on your child's forehead and rotating his or her head first one way then the 
other. The side which has the muscle tightness will be measured first. The therapists will take 
three measurements in each position. One therapist will perform these measurements, 
immediately followed by another therapist performing the same measurements. You and your 
child will then have a break for about one-half hour (30 minutes). You will be allowed to feed 
your child or simply to let him/ her sleep or to play with him/her. You are asked not to perform 
any of the neck exercises which you might be practicing at home with him or her in between the 
times when your child is measured since this could possibly affect how accurate the readings will 
be. In total we expect that you will not have to spend more than 1 ½ to 2 hours at the clinic for 
while taking part in this study. If your child has not had a cervical spine x-ray prior to the day of 
measurement, this may have to be done at the Dallas facility before you have your measurements 
performed. In this case, your time commitment would involve having the x-ray performed and 
then waiting for a physician to read the x-ray to be sure your child does not have a defect that 
would not allow him or her to participate. Ideally this would mean not more than 3 to 4 hours of 
time commitment on one day. If you would so desire, you could have the x-ray performed and 
then leave and return for a measurement on that day. If you would prefer to have the x-ray done 
al a facility closer to your home, the order could be obtained from Dr. Rajashree Srinivasan and 
then you could have this performed at a facility of your choosing. Before participation in the 
study, the investigators would need a written interpretation of the x-ray to make certain your 
child does not have a bony problem that would not allow him or her to take part in the study. 

How Long Will I Be In The Study? 

This study will involve approximately 1 ½ to 2 hours on one day. If your child has not already 
had a neck x-ray, the study will also require the time to take your child to have one done. This 
could possibly mean a time commitment of up to three hours but will depend on the length of 
time for the x-ray to be taken and read by the physician. If all measurements are able to be 
taken on one day, you will not need to return for any further measurements. If for some reason 
your child is not able to tolerate measurement on that day and you still wish to take part, your 
measurement session can be rescheduled. No follow-up after the day of measurement is 
required. 

You can stop ·taking part in this study at any time. However, if you decide to stop taking part in 
the study, we encourage you to talk to the researcher first. 

What Are The Risks of The Study? 

The risks involved in this study are similar to what you and your child might experience in an 
evaluation session or a regular treatment session for your child's diagnosis of torticollis. Your 
child could possibly become upset when he or she is being measured because of a tight muscle 
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being stretched. If your child becomes upset, this could possibly cause you psychological distress 
as it could cause distress to your child. The effects of measurement are that it could possibly 
improve the movement in your child's neck. It could also cause some mild muscle soreness. If 
your child tends to have stranger anxiety, he or she could also become upset and cry if a new 
person works with him or her. 

Radiation Risks from a cervical spine (neck) X-ray if needed: People are exposed to radiation 
every day of their lives from both natural and manmade sources. The amount of radiation 
exposure your child will receive from a single cervical spine x-ray is estimated to be about what 
you would receive from natural and manmade radiation from living on the earth for about 1 day 
and is within diagnostically acceptable limits. This is a very small amount of radiation and poses 
minimal risk. 

If you have questions about these risks and side effects, ask the researcher. 

Your therapist may be taking part as a researcher in this study. You are under no obligation to 
take part, and your choice to be involved in this study will not affect the quality of your child's 
care at Our Children's House. Before you take part in this study, you are welcome to discuss 
your care with another therapist who is not involved in the study. 

Are There Benefits to Taking Part in The Study? 

If you agree to take part in this study, there may or may not be direct medical benefit to you. We 
hope that the information learned from this study will benefit other patients with this diagnosis 
in the future. 

The possible benefits of taking part in the study are the same as receiving treatment for torticollis 
if you do not take part in this study. During the study, your child will receive exercise from 
licensed physical therapist at no charge to you or your insurance company. The measurement 
trials likely will not take as long as a regular therapy session, however. 
What Other Options Are There? 

Instead of being in this study, you have the option of receiving regular scheduled treatment 
sessions with your therapist. 

What About Confidentiality? 

You have a right to privacy. This means that all the information about you from this study will 
only be shown to the people working on the study. The results of this study may be published in 
a scientific book or journal. If this is done,. your name will not be.used. All .information about 
you from this research project will be kept in a locked office or other locked area. Information 
that is kept on computers will be kept safe from access by people who should not see it. 

The privacy law requires that Baylor Research Institute get your permission before giving any of 
your health information to other people. There are people who need to review your child's 
information to make sure the study is done correctly. These people may look at or copy your 
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information while they are doing this review. When you sign this form you give permission to 
Baylor Research Institute to give other people information about your child's health as needed 
for the research project. These groups include people who work for Baylor Research Institute 
(including the Institutional Review Board), the US Food and Drug Administration, the Office for 
Human Research Protections and the Association for the Accreditation of Human Research 
Protection Programs. This also includes the following groups of people who are working with 
the sponsor of the study: your doctor who referred you, other therapists at Our Children's House 
at Baylor clinics, or therapists at the clinic from which you have been referred. Even though we 
usually remove your name from the information, the people who get this information may be 
able to figure out who you are. The kinds of health information that might be given to these 
people include results from lab tests or other tests like x-rays. This information might also be 
notes written by your doctor from your medical record or notes written by your doctor asking for 
tests to be done on you. Measurements that were made of your child's neck movement or his or 
her response to the measurement might be shared with your therapist or physician. In addition, 
the Institutional Review Board at Texas Woman's University will receive copies of this form to 
keep in their secure files. Also, two professors on the physical therapy faculty at Texas 
Woman's University, Dr. Venita Lovelace-Chandler and Dr. Mary Thompson, may have access 
to your child's measurements; however, the information will be recorded in a fashion such that 
your child would remain anonymous. The professors may also need to have access to this form; 
however, this institution maintains confidentiality standards according to the law in the same 
fashion as Baylor Research Institute. 

You do not have to give this permission and it is all right to refuse to sign this form. Your 
therapist will still treat you and your insurance company will still pay your medical bills 
(according to their policy) even if you do not give your permission for us to release this 
information. However, since it is important for the people listed above to have access to your 
information, if you do not sign this form, you cannot be in the research study. 

If you give permission to Baylor Research Institute to give other people information about your 
health and the other people are not part of the group that must obey this law, your health 
information will no longer be protected by the privacy law. However, we will take all reasonable 
measures to protect your information from being misused. 

If you change your mind and later want to withdraw your permission, you may do so. You must 
notify Baylor Research Institute in writing at 3310 Live Oak, Suite 501, Dallas, TX 75204. lf 
you decide to do this, it will not apply to information that was given before you withdrew your 
permission. 

You may not be allowed to look at your health information during this study. However, at a later 
time, you will be able to look at this information. This later time will be sometime after the 
study is completed. 

Unless permission is withdrawn, this permission will not expire at the end of the study. 
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The only cost for taking part in this study is the travel expense to come to the Our Children's 
House at Baylor Clinic in Dallas, Frisco, Plano, Coppell, Irving, Waxahachie, Rockwall, Allen, 
Grapevine, or Las Colinas and the cost of your time. You will be responsible for providing any 
snacks or other food that your child might require during the waiting period. 

If your child is required to have the x-ray as explained in the section "What is Involved in the 
Study?" then you (or your insurance company) will be expected to pay for this x-ray. No funds 
have been set aside for the study to fund this x-ray. This x-ray is often done as part of the initial 
assessment prior to a child's beginning therapy for torticollis. 

Will I Be Paid For Taking part in This Study? 

You will receive a $10.00 gift card from Target for taking part in this study. 

What if I or My Child Are Injured or Become Ill while Taking Part in this Study? 

The people doing this research project wiil do everything they can to make sure you or your 
child do not get hurt during the project. If he or she does get hurt, there are some things that you 
need to know: 

• Baylor Health Care System, Baylor Research Institute and Our Children's House at 
Baylor have not set funds aside to pay you money if you or your child is hurt. 

• If you or your child has an emergency illness during the project, the people working with 
you will provide emergency care. You or your insurance company may need to p~y for 
the emergency care if that happens. 

• You have not given up any of your legal rights by signing this form. 

What are My Rights as a Participant? 

Taking part in this study is voluntary. You may choose not to allow your child to take part or 
may leave the study at any time. If you agree to take part and then decide against it, you cnn 
withdraw for any reason. Deciding not to be in the study, or leaving the study early, will not 
result in any penalty or loss of benefits that you would otherwise receive. 

We will tell you about any new information that may affect your health, welfare, or willingness 
to stay in this study. 

All of the people working on the project must be careful not to c~relessly harm you. If you are 
hurt during this project, you have the right to seek legal counsel. Nothing in this consent form 
takes away that right if you are hurt during this research. 
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If you have concerns, complaints or questions about the study or have a research-related injury, 
contact the Principal Investigator, Diana Early, (214) 344-0267 (pager) and she will return your 
call. 

For concerns, complaints or questions about your rights as a research subject or if you simply 
wish to speak with someone who is not a part of the research staff, contact Lawrence R. Schiller, 
M.D., IRB Chair, at 214-820-2687. 

Statement of Person Obtaining Consent: 

I have explained to _______ the purpose of the research project, the procedures 
required and the possible risks and benefits to the best of my ability. They have been encouraged 
to ask questions related to taking part. 

Signature of Person Obtaining Consent Date Time 

Statement of Principal Investigator (if PI did not sign above): 

As Principal Investigator of this study, I confirm that to the best of my knowledge this subject 
has voluntarily agreed to allow his/her child to take part in this study and has had an opportunity 
to ask questions and has received answers to these questions. If another individual was 
responsible for obtaining informed consent, then this individual has signed above. 

Signature of Principal Investigator Date Time 

Confirmation of Consent by Research Subject: 

You are making a decision about being in this research study. You will be asked to give your 
written consent if you want your child to be in the study. Giving consent is like giving 
permission. You should not give your permission to be in this study until you have read and 
understood all the pages in this form. If you cannot read, then someone can read the form to you. 
Make sure that all your questions about this research project have been answered before you sign 
this form. When you sign this form, you are giving your permission to be in the study. By 
signing this form, you have not given up any of your legal rights or released anyone from 
liability for negligence. 

Page 7 of 8 Subject's Initials __ _ 



IRB Project Number 009-04 7 2.0 
5/21/2009 

_____________ has explained to me the purpose of the research project, the 
study procedures that I will have, and the possible risks and discomforts that may happen. I have 
read ( or have been read) this consent form. I have been given a chance to ask questions about 
the research study and the procedures involved. I believe that I have enough information to 
make my decision. I have also been told my other options. To the best of my knowledge, I am 
not in any other medical research. Therefore, I agree to give my consent for me and my child to 
take part as a subject in this research project. 

Signature of Parent or Legal Guardian Date Time 
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Raw Data From Measurement 
Side 

Gen of 
Time Date Trial Rater Subject DOB Age der Tilt State 

10:00 AM 6/24/09 1 1 DE 1 11/6/08 7.5 mos M Left Active/resisting 

10:20 AM 6/24/09 1 2 HH 1 M Left crying/Resisting 

9:05 AM 7/24/09 1 1 HH 2 10/8/08 9.5 mos M Right Not resisting 

9:20 AM 7/24/09 1 2 DE 2 M Right Mildly resisting 

9:30 AM 7/24/09 21HH 2 M Right Mildly resisting 

9:40 AM 7/24/09 2 2DE 2 M Right Mildly resisting 

10:35 AM 7/30/09 1 1 DE 3 2/27/09 5 mos M Left Resisting mostly 

10:50 AM 7/30/09 1 2 JB 3 M Left resisting mostly 

11:05AM 7/30/09 2 1 DE 3 M Left Resisting mostly 

11:13 AM 7/30/09 2 2 JB 3 M Left Resisting mostly 

9:00 AM 9/18/09 1 1 DE 4 10/17/08 11 mos M Left Resisting mostly 

9:15 AM 1 2 HH 4 M Left Resisting mostly 

9:30 AM 2 1 DE 4 M Left Resisting mostly 

9:35 AM 2 2 HH 4 M Left Resisting and fussy 

Note: Participant 5 we had no assistant, had to record own readings. 

11:23 AM 9/25/09 1 1 DE 5 3/26/09 5.5 mos F Left Active some resistini 

11:35 AM 1 2 JB 5 F Left active resisting 

11 :45 AM 2 1 DE 5 F Left Resisitng and fussy 

12:10 PM 2 2 JB 5 F Left Resisting, very upse 

9:10 AM 10/21/09 1 1HH 6 3/15/09 7 mos M Right Active and resisting 

1 2 DE 6 Especially rotation 

2 1 HH 6 
2 2 DE 6 

ML01 ML02 ML03 MLOA 
-4 -20 -10 -11.33 
-8 -12 -9 -9.67 

-17 -14 -12 -14.33 
-20 -28 -30 -26.00 
-12 -13 -13 -12.67 
-40 -29 -30 -33.00 

0.00 
-13 -9 -11 -11.00 

-6 -4 -2 -4.00 
-6 -9 -18 -11.00 

-23 -18 -16 -19.00 
0.00 

-22 -21 -27 -23.33 
-10 -11 -20 -13.67 
-23 -21 -21 -21.67 
-22 -26 -19 -22.33 

0.00 

-10 -10 -12 -10.67 
-8 -4 -6 -6.00 
-5 -14 -2 -7.00 

-12 -11 -13 -12.00 
0.00 

-16 -14 -18 -16.00 
-18 -23 -23 -21.33 
-12 -15 -10 -12.33 
-25 -28 -24 -25.67 



RSB1 RSB2 RSB3 RSBA LSB1 LSB2 LSB3 LSBA RR1 RR2 RR3 RRA 
30 30.00 30 23 23 25.33 20 40 55 38.33 
40 61 50.50 37 43 40.00 67 68 68 67.67 

55 65 70 63.33 55 40 66 53.67 78 100 102 93.33 
25 30 33 29.33 30 29 35 31.33 35 60 70 55.00 
62 60 50 57.33 57 63 48 56.00 88 92 98 92.67 
42 32 40 38.00 30 50 30 36.67 79 79 80 79.33 

0.00 0.00 0.00 
15 27 18 20.00 30 22 15 22.33 69 78 76 74.33 
41 32 38 37.00 28 25 42 31.67 86 87 90 87.67 
42 32 26 33.33 25 33 28 28.67 74 83 96 84.33 
35 35.00 43 43.00 90 87 90 89.00 

-...J 
~ 0.00 0.00 

46 53 39 46.00 40 51 38 43.00 65 61 74 66.67 
52 53 57 54.00 64 50 60 58.00 96 94 92 94.00 
45 45.00 45 45.00 85 85.00 
60 60.00 62 62.00 98 98.00 

0.00 0.00 0.00 

34 34 30 32.67 33 36 32 33.67 58 75 69 67.33 
27 36 40 34.33 32 34 36 34.00 68 70 78 72.00 
24 33 30 29.00 29 34 30 31.00 35 86 60.50 
34 34.00 26 22 33 27.00 79 79.00 

0.00 0.00 0.00 
53 63 67 61.00 45 41 42 42.67 102 101 110 104.33 
47 40 49 45.33 22 32 47 33.67 38 37 48 41.00 
66 66.00 41 41.00 80 80.00 
21 21.00 24 24.00 40 40.00 
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LR1 
60 
56 

83 
65 

101 
89 

79 
88 
86 
88 

80 
93 
55 

101 

49 
78 
40 
52 

103 
89 

115 

LR2 LR3 
31 
75 

100 
70 

108 
90 

92 
89 
73 
91 

80 
101 

99 
76 
25 

113 
46 

LRA Comments 
52 47.67 Measured left and right lat flexion from behind due to child's resisting 

78 69.67 Had to terminate trial due to child's agitation 

100 94.33 Child barely sitting independently and pushed into extension slightly but was not upset 

87 74.00 Less resistant to measurement of rotation 

104 104.33 
91 90.00 

0.00 
85 85.33 Resisting and pushing into extension for seated measures 

89 88.67 More distracted and cooperative for rotation measures 

81 80.00 
91 90.00 

91 83.67 
103 55.00 

55.00 Child very agitated at end of first trial. Took only one measure in trial 2 

101.00 Obtained only one measure due to child's fussiness 

0.00 

65 71.00 Considerable resistance to rotation both directions on all trials 

89 81.00 Measured in a row on SB and Rotation prior to going to other side 

32.50 Dirty diaper at beginning of trial;Stopped to change and take break; 

52.00 Resisting and crying by end. Had to terminate with one measure in each direction. 

0.00 Rater 2 took 3 measures to one side first then the other side. 

101 105.67 
84 73.00 Child resisted rotational movements considerably for tester2 

115.00 Child getting progressively more fussy; to prolong chances of completing trials 

56.00 rater 1 opted to do one set of measures as did rater 2 on trial 2 for rotation and SB 




