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Abstract: Forward head posture (FHP) is a common postural displacement that is significantly
associated with neck pain, with higher risks of having neck pain in female and older populations.
This study investigated the effect of two different forward head posture (FHP) interventions in elderly
participants with poor posture and non-specific neck pain. Sixty-six elderly participants with a
craniovertebral angle (CVA) < 50◦ were randomized into either a Chiropractic Biophyics® (CBP®) or
a standardized exercise based FHP correction group (Standard Group). Both groups were treated for
18 sessions over a 6-week period. A 3-month post-treatment follow-up was also assessed with no
further interventions. The CBP group received a mirror image® exercise and a Denneroll™ cervical
traction orthotic (DCTO); the standard group performed a protocol of commonly used stretching and
strengthening exercises for the neck. Both groups received 30 min of their respective interventions
per session. The primary outcome was the CVA, with secondary outcomes including pain intensity,
Berg balance score (BBS), head repositioning accuracy (HRA), and cervical range of motion (CROM).
After 18 sessions (6 weeks later), the CBP group had statistically significant improvement in the
CVA (p < 0.001), whereas the standard group did not. In contrast, both groups showed improved
functional measurements on the BBS and HRA as well as improved pain intensity. However, at
the 3-month follow-up (with no further treatment), there were statistically significant differences
favoring the CBP group for all outcomes (p < 0.001). The differences in the between group outcomes
at the 3-month follow-up indicated that the improved outcomes were maintained in the CBP group,
while the standard group experienced regression of the initially improved outcomes at 6 weeks. It
is suggested that the improvement in the postural CVA (in the CBP group but not in the standard
group) is the driver of superior and maintained pain and functional outcomes.

Keywords: neck pain; craniovertebral angle; forward head posture; exercise; orthotic

1. Introduction

Forward head posture (FHP) has been shown to be a common postural displacement,
with a conservative estimate of 66% of the patient population [1–3]. Studies have found
that there is a significant association between neck pain and forward head posture, with
higher risks of having neck pain in female and older populations [4]. It is generally believed
that this abnormal posture is associated with the development and persistence of many
types of spine pain and various biomechanically driven disorders [5–7]. For example,
researchers have identified that FHP posture alters cervical range of motion (ROM) [5],
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contributes to abnormal balance [6], and alters respiratory efficiency [7]. Many studies
indicate that biomechanical dysfunction of the spinal column, as seen with altered sagittal
plane alignment, results in the degeneration of the muscles, ligaments, bony structures,
and neural elements [8,9].

Therefore, there is an increased interest regarding the understanding and rehabilitation
of the sagittal configuration of the cervical spine as a clinical outcome and goal of patient
care. Despite the high prevalence of this condition, the available treatment approaches that
are directed toward FHP correction are highly variable. The methods vary, from muscle
therapy, cervical traction devices, adjustments and/or manipulations of the spinal vertebra,
postural re-education, ergonomic modifications, to corrective pillows [5,10–12]. Of interest,
while the relationship between FHP and health outcomes has been extensively studied,
the literature does not provide specific evidence on whether different methods of FHP
correction affect health outcomes differently.

In this regard, Chiropractic BioPhysics® (CBP®) rehabilitation and traditional exercise
programs are two of the most well-known corrective techniques, while having different
mechanisms to restore proper cervical alignment [11–14]. The CBP technique is a posture-
correcting method that depends on stretching the viscous and plastic elements of the
longitudinal ligament and intervertebral discs, in addition to effectively stretching the soft
tissue through the entire neck area in the direction of normal head and neck postures [11,13].
The technique utilizes both mirror image® adjusting/manipulation, exercises, and the
unique extension traction procedures [11–13]. Meanwhile, the mirror image refers to the
reversal of the spine and posture in the opposite direction of the present malalignment
during the performance of rehabilitative procedures; the unique extension traction methods
are for restoring normal lordosis and reducing forward head posture [11,14–17].

A recent systematic review located nine controlled trials featuring Chiropractic Bio-
Physics (CBP) methods used in the rehabilitation of cervical lordosis (i.e., some form of
cervical extension traction) [14]. It was determined that there were “several high-quality
controlled clinical trials substantiating that increasing cervical lordosis by extension trac-
tion as part of a spinal rehabilitation program reduces pain and disability and improves
functional measures and that these improvements are maintained long-term” [14]. Since
this review (Oct., 2021), additional trials have emerged, further supporting the clinical im-
portance of increasing the cervical curve and reducing forward head posture using the CBP
cervical extension traction methods, but none of these trials have specifically investigated
an elderly population [15,16].

On the other hand, exercise programs that aim to correct the FHP misalignment to-
wards an ideal posture using a combination of strengthening and stretching exercises are
commonplace for physical interventions provided to correct FHP. Several studies have
shown that corrective exercise regimes can improve FHP and potentially related symp-
toms [10,17–25]. For example, exercise training protocols have resulted in improvements
in the craniovertebral angle (CVA) [8,18,24,25], head tilt [17], cranial or cervical range
of motion [24], neck disability [24], and pain [8,24]. A systematic review with pooled
meta-analysis is necessary to clarify the strength of the effect of such exercises on FHP.

Despite both techniques (CBP vs. conventional physical exercise programs) being frequently
used, to our knowledge, no research has been conducted comparing the two FHP rehabili-
tative techniques in terms of the magnitude of improved head posture and the impact of
these different techniques on balance, cervical ROM, cervicocephalic kinesthetic sensibility,
and pain. Furthermore, the majority of previous studies that explored the effectiveness
of various posture correction procedures were conducted on young individuals [20,23,24]
and these results might not be applicable to all age groups, particularly the elderly, due
to age-related musculoskeletal and physiological changes [26]. Thus, there remains a gap
in the body of knowledge on the effectiveness of the two approaches for treating elderly
patients.

Therefore, the goal of this study was to ascertain if two different FHP correction
techniques may have different effects on the CVA, balance, cervical range of motion, cer-
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vicocephalic kinesthetic sensitivity, and pain in a senior population. The study hypothesis
is that the two FHP correction procedures will have different effects on CVA and other
management outcomes such as balance, cervical ROM, cervical kinesthetic sensitivity, and
pain in the short and intermediate terms.

2. Materials and Methods

A prospective, investigator-blinded, parallel-group, randomized clinical trial was
conducted at a senior citizen service center in Sharjah, UAE. Recruitment began after
approval was obtained from our University Research Ethics Committee (reference number:
REC-18-02-27-02-S). A consent form was signed by participants before data collection. The
study was registered at ClinicalTrials.gov with registration number: NCT05533853. The
study’s starting and ending dates were 10 July 2022, through 1 November 2022, respectively.

2.1. Participants

We recruited a sample of 66 elders (>60 years) who reported chronic, non-specific neck
discomfort that had persisted for more than three months and was worse than a 3/10 on
the visual analogue scale (VAS). Chronic non-specific neck pain was defined as neck pain
provoked by neck postures, movements, or pressure for at least 3 months without a known
pathology (neurological, trauma-induced, etc.) as the cause of the complaints. Patients were
recruited from an outpatient facility at the senior citizen service center, Sharjah. Participants
were screened prior to inclusion by measuring their CVA using a photographic method by
a physiotherapist. After being screened, all potential participants were invited to undergo
a comprehensive assessment by an orthopedist, where any known pathology (neurological,
trauma-induced, etc.) as the cause of the complaints was excluded. Participants were
included if their CVA was less than 50 degrees [8,27]. Exclusion criteria included neck pain
associated with inflammatory, hormonal, and neurological disorders, neck pain related to
previous surgery, positive radicular signs consistent with nerve root compression, severe
referred pain, severe psychological disorders, and a history of spinal column fracture, spinal
tumors and related malignancies, congenital spinal anomalies, or rheumatoid arthritis.

2.2. Randomization

The patients were randomly assigned to the CBP group (n = 33) or the standardized
exercise-based FHP correction group (standard group) (n = 33) by an independent person
who selected numbers from sealed envelopes containing numbers chosen by a random
number generator. The randomization was restricted to permuted blocks of different sizes
to ensure that equal numbers were allocated to each group. Each random permuted block
was transferred to a sequence of consecutively numbered, sealed, opaque envelopes that
were stored in a locked drawer until required. As each participant formally entered the
trial, the researcher opened the next envelope in sequence in the presence of the patient.
Participants in the CBP group completed a 6-week-long, 3x per week, total of 18 sessions of
the CBP technique, consisting of Denneroll cervical extension traction and mirror image
exercises. Participants in the standard group completed a 6-week long, 3x per week, total of
18 sessions of a standardized protocol of stretching and strengthening exercises according
to the randomized trial protocol of Harman et al. [1].

2.3. Interventions
Denneroll™ Cervical Traction Orthotic (DCTO)

The CBP group received DCTO (Denneroll Industries (www.denneroll.com, accessed
on 1 October 2022) of Sydney, Australia). The patient lies flat on their back (supine) on
the ground with their legs extended and arms by their sides. The patient is encouraged
to relax while lying on the Denneroll [15,16]. The denneroll was placed on the ground
and positioned in the posterior aspect of the neck depending on the area to be addressed,
as shown in Figure 1. Participants were screened and tested for tolerance to the slightly
extended and posterior head translation position on the device to ensure they were capable

www.denneroll.com
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of performing this position; while the Denneroll takes the segments of the cervical spine
near the apex of the curve to their end range of extension motion, it does not create hyper-
extension of the skull relative to the torso. The apex of the DCTO was placed in one of
three regions based on lateral cervical radiographic displacements of the cervical curve and
forward head posture:

(1) In the upper cervical area (C2-C4). This position allows for upper cervical segment
extension bending while providing minor anterior head translation (AHT). This
placement site was assigned to two participants.

(2) In the mid-cervical area (C4-C6). This position allows for mid-upper cervical exten-
sion bending while causing a significant posterior head translation. This placement
location was assigned to 8 participants.

(3) Upper thoracic/lower cervical (C6-T1) area. This position allows for lower to interme-
diate cervical segment extension bending while causing substantial posterior head
translation. This placement location was assigned to 23 participants.
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Figure 1. Cervical Denneroll™ traction.

All participants began with 3-min sessions of the DCTO application and were encour-
aged to extend the duration by 2–3 min each visit until they reached the goal of 15–20 min
each session. Mirror image® traction allows for viscoelastic plastic deformation of spinal
ligaments as well as correcting the patient’s incorrect posture by initiating muscle and
ligament creep, resulting in long-term restorative improvement [11].

2.4. Mirror Image Exercises

The patient performed a sequence of mirror image exercises in the sagittal plane to
add to the correction of FHP and the cervical curvature. This sequence of maneuvers was
first proposed by Fedorchuk [28,29] and included the following steps using a right-handed
cartesian coordinate system describing rotations and translations of the head in three
dimensions [12]:

(1) Maximum anterior head translation (+TzH) Anterior head translation generates a
cervical spine coupling pattern that results in lordosis of the upper cervical spine and
kyphosis (curve reversal) of the lower cervical spine.

(2) While maintaining +TzH, maximum head extension (−RxH). Maintaining anterior
head translation permits the upper cervical spine to keep its lordosis, while maximal
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head extension allows the lower cervical spine to progress toward a healthy lordotic
curvature.

(3) While maintaining the −RxH, a posterior head translation (−TzH) with a slight
inferior compression down the long axis of the spine (−TyH) is initiated. The posterior
head translation with compression from this position allows for the head to return to
a normal postural position while maintaining the induced cervical lordosis from the
previous movements.

The patient held the final position for 10 s before relaxing and repeating it for 20 rep-
etitions. Mirror Image® exercises strengthen weak musculature and lengthen tight mus-
culatures that have adapted to unhealthy posture to correct and maintain corrections in
spinal alignment and postural abnormalities [11–13]. Figure 2 depicts a simple bike chain
analogy of this sequence of movements and its proposed effect on the sagittal cervical
spine alignment. Figure 3 depicts a patient’s lateral cervical x-rays showing the change in
alignment from neutral with this sequence of movements. A motion x-ray video analysis
of a patient performing this procedure is shown in the Supplemental Video attachment.
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Figure 2. A simple bike chain analogy of the sequence of movements for the CBP group’s mirror image
exercise and its proposed effect on the sagittal cervical spine alignment. (A) depicts neutral alignment
with an altered curve; (B) depicts forward head posture (+TzH); (C) depicts upper neck/head
extension (-RxH); and (D) depicts the effects of posterior head translation (-TzH) with slight inferior
compression (-TyH). Images courtesy of Curtis Fedorchuk, reprinted with permission [28,29].

Video Supplement File S1. A motion x-ray of a patient’s lateral cervical spine demon-
strating the mirror image exercise in the following sequence: first, forward head posture
(+TzH); second, upper neck/head extension (−RxH); and third, posterior head translation
(−TzH) with slight inferior compression (−TyH).

2.5. The Standardized Exercise Based FHP Correction Group (Standard Group)

Patients in the standard group were given a posture correction exercise program that
included two strengthening exercises (deep cervical flexors and shoulder retractors) and
two stretching exercises (cervical extensors and pectoral muscles). The exercise program
was conducted according to Harman et al.’s [1] protocol and based on Kendall et al. [2]
approach. The rationale for using the exercise protocol and exercise types herein is that
it is a known standardized protocol used in randomized trials and clinical settings for
the treatment and improvement of FHP in patient populations [1,2,20]. Further, this FHP
exercise protocol is the accepted protocol in the senior citizen care center in Sharjah, UAE,
where our trial was conducted. The protocol involved the following:
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Figure 3. A patient’s lateral cervical x-rays are shown in neutral and after the mirror image exercise
sequence (+TzH, −RxH, −TzH, −TyH) demonstrating the change in alignment from neutral with
this sequence of movements: forward head posture (+TzH), upper neck/head extension (−RxH),
followed by posterior head translation (−TzH) with an inferior compression component (−TyH).
Images courtesy of Curtis Fedorchuk, reprinted with permission [28,29].

1. Chin tucks were performed while lying supine with the head in touch with the floor,
which progressed to lifting the head off the floor in a tucked posture and holding it
for varied periods of time (this was to progress by two-second holds starting at two
seconds, i.e., 2, 4, 6, and 8 s. During the session, patients completed five chin tuck
repetitions and five to seven sets of five chin tucks with a 1-min rest between each set.
Figure 4 presents this exercise.

2. Chin drop while sitting to stretch cervical extensors (the progression of this exercise
was to drop the chin with hand assistance). The patients were instructed to flex the
neck until a good stretch was felt at the base of the head and top of the neck. The
patient held the final position for 5 s. This chin drop exercise was repeated a total
of 10 times, or as tolerated. A modification of the chin tuck that further emphasizes
strengthening of the deep neck flexor muscles is to apply resistance with a hand
placed under the tucked chin and apply light downward pressure into the hand, or by
adding manual resistance to the forehead using the 5-s hold time approach. Figure 5
demonstrates this exercise maneuver.

3. Pulling the shoulders back using a theraband while standing to strengthen the shoul-
der retractors. The patient was instructed to squeeze their scapulae together tightly
for at least 6 s without elevating or extending their shoulder. The initial progression
step was to use weights to do shoulder retraction from a prone posture. The second
stage involved the use of elastic resistance and weights. Each progression was carried
out by the participants for two weeks. At the consultation, they were moved to the
second progression if they could complete three sets of 12 repetitions, with 2 min of
rest in between, accurately for appropriate strengthening. Figure 6 demonstrates this
exercise maneuver.

4. Every two weeks, participants alternated between unilateral and bilateral pectoralis
stretches. The patient was seated comfortably with their hand behind their head for
bilateral pectoralis stretching. From this posture, the patient’s elbow was pushed up
and out to the limit of its possible range. The arm at the affected location was shifted
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into abduction and external rotation for unilateral stretching. The end position was
maintained for 20–30 s and repeated 3–5 times. For unilateral stretching, the patients
were directed to bring their hands up such that their forearms and elbows rested on
the side of the doorway. The elbow and shoulder should be at a 90-degree angle. The
patient was encouraged to move his or her body toward the opposite side away from
the doorway until a stretch was felt anteriorly between the chest and shoulder. Each
stretch was performed with slow, steady movements without any bouncing. The same
process was repeated on the opposite side. This posture was maintained for 20–30 s
and repeated 3–5 times. Two sets of 3–5 repetitions of unilateral self-stretching with a
1-min rest were performed for each patient. Figure 7 shows this exercise maneuver.
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While the CBP group seemingly received an extra intervention (the DCTO plus mirror
image exercises), the standard group received more exercise types and number of repeti-
tions. Thus, both groups were exposed to and received similar treatment durations, which
were approximately 30 min per session.

2.6. Outcome Measures

A series of outcome measures were obtained at three intervals: (1) baseline, (2) one day
following the completion of 18 visits after 6 weeks of treatment, and (3) three months after
the participants’ 18-session re-evaluation. The sequence of measurements was identical
for all participants. The primary outcome measure was the cranio-vertebral angle (CVA).
Whereas secondary outcomes included (1) neck pain, (2) Berg balance scale (BBS), (3) head
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repositioning accuracy (HRA), and (4) cervical ROM. All outcome assessments were carried
out with the same data collectors, who were blinded to group allocation to prevent potential
recorder and ascertainment bias. Participants were blinded to their measurement scores to
address potential expectation bias and were instructed not to inform the assessors of their
intervention status.

2.6.1. Craniovertebral Angle

The assessment of forward head posture (FHP) was conducted by measuring the
craniovertebral angle. If the angle was less than 50 degrees, it was considered to be FHP, as
guided by Yip et al.’s study, where the normal range is between 55 and 86 [27]. The CVA
as an assessment measurement for FHP has good reliability and excellent validity [30,31].
The measurement technique was duplicated, as in the study by Diab and Moustafa [8], as
follows: adhesive markers (8 mm in diameter) were placed on the participant’s C7 spinous
process and tragus of the ear. The physical therapist observed the participant from the
lateral side while standing and then took a picture of the participant from a fixed distance
(75 cm) and height (150 cm), then with the help of an application sealed by a password, the
angle was measured by placing each vector as following a line from the tragus of the ear
to the C7 spinous process and another horizontal line through the C7 spinous process [8].
Figure 8 demonstrates the CVA as used.
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2.6.2. Berg Balance Scale

Balance was measured by the Berg balance scale with a total score of 56; if the score
was less than 45, this predicted the risk of falling. The scale has excellent reliability and
concurrent validity [32].

2.6.3. Numeric Pain Rating Scale

The numeric pain rating scale (NPRS), where 10 is the worst pain and 0 is no pain, was
used to assess pain. It is valid and has moderate reliability in assessing cervical pain [33].

2.6.4. Cervicocephalic Kinesthetic Sensibility

Cervicocephalic kinesthetic sensibility was used to detect alterations in cervical pro-
prioception. The blindfolded subject must be able to accurately relocate the head into a
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straight-head position after being actively moved to the new maximum position, either
in the horizontal or vertical plane. The deep suboccipital muscle is the main contributor
to proprioception signaling when vision is occluded. Muscular and articular pain will
lead to functional deficits that will affect the kinesthetic findings [34]. The reliability of
cervicocephalic kinesthetic sensibility ranges from fair to excellent; however, it is accept-
able [35]. The assessment procedure was the same as Ravi et al.’s, and the cervical range of
motion instrument (CROM) was used [36]. CROM has good reliability and validity for use
in cervicocephalic kinesthetic sensibility measurement [35,36].

2.7. Sample Size Determination

Sample size estimates of mean and standard deviations were collected from pre-
vious studies that utilized a similar protocol to our study. The mean differences and
standard deviation of the CVA were estimated to be 14◦ and 12◦, respectively, from these
studies [14,37–39]. Accordingly, 25 participants for each treatment arm, given a significance
level of 5% and statistical power of 80%, were needed in the current study. To compensate
for potential participant withdrawal, a 10% increase in sample size was implemented.

2.8. Data Analysis

The statistical procedure depended on the principle of intention-to-treat for between
group comparisons. Significance was set to P-values less than 0.05. In order to manage any
missing data, multiple imputations were used. Parametric methods for significance testing
were determined with Levene’s test for equality of variances and the Kolmogorov–Smirnov
test, expressing continuous data as means with standard deviation (SD) in text and tables.

In order to follow-up and compare the effects of the two alternative treatments, the
results were examined through a two-way analysis of covariance (ANCOVA). The model
was working as follows: a group and time were used as a single independent factor, and
group × time as an interaction factor. The level of significance used for the study was set
at α= 0.05. The Pearson correlation coefficient (r) was used to investigate the correlation
between FHP and outcome variables. To impute the missing values for both groups,
multiple regression models were constructed, including the potentially related variables
from the missing data that correlated with that outcome. SPSS version 20.0 software was
used for analyzing data (SPSS Inc., Chicago, IL, USA), with normality and equal variance
assumptions ensured prior to the analysis.

3. Results

A diagram of patients’ retention and randomization throughout the study is shown in
Figure 9. One hundred and twenty patients were initially screened. After the screening
process, 66 patients were eligible to participate in the study, and 66 (100%) completed
the first follow-up at 6 weeks, while 62 of them completed the entire study, including the
3-month follow-up. Three participants in the standard group tested positive for COVID
and were unable to make the 3-month follow-up, while one participant in the CBP group
had travel conflicts and was unable to complete the 3-month follow-up. See Figure 9.
The study design did not include a pre-determined adverse event protocol. However,
participants were formally asked during their treatment sessions if they were experiencing
any unusual adverse events or increased pain due to the interventions. No adverse events
were documented by the treating therapist aside from minimal and transient discomfort in
the neck as the patient acclimatized to using the DCTO at the point of cervical spine contact
over the apex of the device.
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The demographic characteristics of the patients are shown in Table 1.
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Table 1. Baseline participant demographics. CBP is the group receiving mirror image exercise
plus the Denneroll™ cervical traction orthotic (DCTO). The standard group is the group receiving
standardized strengthening and stretching exercises to correct FHP. Values are expressed as means ±
standard deviation (SD) where indicated.

Demographic Information CBP Group
(n = 33)

Standard Group
(n = 33) p Value

Age (y) 63.5 ± 3 65 ± 4.2 0.09
Weight (kg) 66 ± 10 60 ± 19 0.1

Sex, Marital status

Male 22 (67%) 20 (60%)

0.3
Female 11 (33%) 13 (40%)
Single 1 (3%) 2 (7%)

Married 22 (67%) 20 (60%)
Separated, divorced, or widowed 10 (30%) 11 (33%)

Pain duration (%) [Mean ± SD]

< 1 y 1 (3%) 3 (10%)
0.11–2 y 21 (67%) 20 (60%)

>2 y 10 (30%) 10 (30%)

Smoking history

Light smoker 8 (24%) 7 (21%)
0.2Heavy smoker 0 1

Non-Smoker 25 (76%) 26 (79%)

Group Outcomes

The general linear model with repeated measures identified significant group * time
effects in favor of the CBP group for the following management outcomes: CVA (F
(3.114) = 131, p < 0.001); pain intensity (F (3.114) = 54, p < 0.001); HRA right (F (3.114) = 183,
p < 0.001); HRA left (F (3.114) = 208, p < 0.001); Berg balance score (F (3.114) = 29.2, p < 0.001);
and cervical ROM, p < 0.001. However, subsequent analyses indicated that, after 6 weeks
of treatment, both treatments were similarly improved in some management outcomes. At
6 weeks, the unpaired t-test analyses found insignificant differences between groups for
the following parameters: Berg balance score (p = 0.48), HRA Right (p = 0.6), and HRA left
(p = 0.3). Tables 2–4 show these details for each variable.

Table 2. The changes in pain and CVA in both groups vs. time. CBP = CBP group; standard = standard
exercise groups; CVA= craniovertebral angle; pain intensity is 0–10 where 0 is no pain and 10 is
incapacitated; G = group; T = time; G vs. T = group vs. time; all values are expressed as means ±
standard deviation; [] = 95% confidence interval; p-Value = statistical significance; * = statistically
significant difference.

Baseline 6-Weeks 3-Month
Follow-Up

p-Value

G T G vs. T

CVA
CBP G 41.4 ± 2.6 54.9 ± 3.2 54 ± 2.6 <0.001 *

F = 76
Partial Eta squared = 0.5

<0.001 *
F = 248

Partial Eta squared= 0.8

<0.001 *
F = 131

Partial Eta squared = 0.7Standard G 42.7 ± 3.2 45 ± 2.4 45.6 ± 5.9

p-Value
95% C.I.

0.08
[−2.7, 0.2]

<0.001 *
[8.7, 11.1]

<0.001 *
[6.1, 10.7]

Pain
intensity

CBP G 4.7 ± 0.8 1.1 ± 0.7 0.5 ± 0.8 <0.001 *
F = 209

Partial Eta squared = 0.7

<0.001 *
F = 244

Partial Eta squared = 0.8

<0.001 *
F = 54

Partial Eta squared = 0.6Standard G 5.3 ± 1.5 2.9 ± 1.2 4.3 ± 1

p-Value
95% C.I.

0.08
[−1.19,
0.008]

<0.001 *
[−2.2, −1.2]

<0.001 *
[−4.2, −3.2]
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Table 3. The changes in the Berg balance score for balance assessment and HRA in both groups vs.
time. CBP = CBP group; standard: standard exercise group; HRA = head repositioning accuracy;
G = group; T = time; G vs. T = group vs. time; all values are expressed as means ± standard deviation;
C.I. [] = 95% confidence interval; p-Value = statistical significance; * = statistically significant difference.

Baseline 6-Weeks
3-Month

Follow-Up
p-Value

G T G vs. T

Berg
Balance

Score

CBP G 43 ± 2.1 48.1 ± 3 48.2 ± 3.2 <0.001 *
F = 28.3

Partial Eta squared =0.3

<0.001 *
F = 91.3

Partial Eta squared = 0.6

<0.001 *
F = 29.2

Partial Eta squared = 0.7Standard G 42.3± 2.2 44.6 ± 1.7 43.8 ± 2.1

p-Value
C.I.

0.2
[−0.49, 1.7]

0.48
[2.2, 4.7]

<0.001 *
[2.9, 5.5]

HRA
Right

CBP G 3.4 ± 0.6 2.1 ± 0.9 0.3 ± 0.5
<0.001 *
F = 43

Partial Eta squared = 0.5

<0.001 *
F = 193

Partial Eta squared = 0.8

<0.001 *
F = 183

Partial Eta squared = 0.8

Standard G 3 ± 0.9 2.2 ± 1.1 2.7 ± 1

p-Value
C.I.

0.06
[0.023, −0.77]

0.6
[−0.3, 0.2]

<0.001 *
[−2.5, −2.1]

HRA
Left

CBP G 3.8 ± 1.4 2.2 ± 1.4 .4 ± 1.1
<0.001*
F = 20.3

Partial Eta squared = 0.2

<0.001*
F = 184

Partial Eta squared = 0.8

<0.001*
F = 208

Partial Eta squared = 0.8

Standard G 3.2 ± 0.9 2.5 ± 1.6 2.9 ± 1.2

p-Value
C.I.

0.07
[0.02, −1.1]

0.3
[−0.6, 0.07]

<0.001 *
[−2.8, −2.1]

Table 4. The changes in ROM outcomes in both groups vs. time. The values are mean ± standard
deviation. CBP = CBP group; standard: standard exercise group; G = group, T= time, C.I. [] = 95%
confidence interval, p-Value = statistical significance; * = statistically significant difference.

Baseline 6-Weeks
3-Month

Follow-Up
p-Value

G T G vs. T

CROM lateral
flexion right

CBP G 36.9 ± 2.8 42.4 ± 2 42.1 ± 2.2

<0.001 *
F = 44.2

Partial Eta
squared = 0.5

<0.001 *
F = 132

Partial Eta
squared = 0.6

<0.001 *
F = 44.9

Partial Eta
squared = 0.5

Standard G 37.2 ± 2 40.6 ± 3 37.4 ± 3.8

p-Value
C.I.

0.5
[−0.9, 1.3]

<0.008 *
[0.5, 3.1]

<0.001 *
[3.6, 5.7]

CROM lateral
flexion left

CBP G 37.5 ± 2.3 42.6 ± 1.8 42.2 ± 2.6

<0.001 *
F = 23

Partial Eta
squared = 0.3

<0.001 *
F = 104

Partial ETA
squared = 0.7

<0.001 *
F = 40

Partial Eta
squared = 0.5

Standard G 37.1 ± 2.7 40.1 ± 2.6 37.8 ± 2.5

p-Value
C.I.

0.4
[−0.6, 1.4]

<0.001 *
[0.8, 3.1]

<0.001 *
[3.3, 5.4]

CROM
rotation right

CBP G 61.1 ± 5.3 71.40 ± 2.3 70.8 ± 4

<0.001 *
F = 24

Partial Eta
squared = 0.2

<0.001 *
F = 150

Partial Eta
squared = 0.8

<0.001 *
F = 72

Partial Eta
squared = 0.7

Standard G 62.3 ± 5.6 63.6 ± 4.8 62 ± 6.1

p-Value
C.I.

0.1
[−2.8, 2.5]

<0.001 *
[5.8, 9.6]

<0.001 *
[6.4, 11.2]

CROM
rotation left

CBP G 62.15 ± 4.5 70.7 ± 3.9 70 ± 5.7

<0.001 *
F = 24.6

Partial Eta
squared = 0.3

F = 73
Partial Eta

squared = 0.7

F = 46
Partial Eta

squared = 0.6

Standard G 60.9 ± 6.4 63.4 ± 4.5 61.2 ± 6.7

p-Value
C.I.

0.3
[−1.4, 4.2]

<0.001 *
[5.2, 9.1]

<0.001 *
[6, 11.4]
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In contrast to the 6-week outcomes, the between-group analyses at the 3-month follow-
up revealed statistically significant between-group differences for all the management
variables. Tables 2–4 show these details for each variable.

Correlations (Pearson’s r) between the amount of change in CVA angle and the amount
of change in all measured outcomes at 3-month follow up compared to the initial scores are
shown in Table 5. All measured variable change scores in both groups were moderately
to strongly negatively correlated (pain intensity and HRA left and right) and positively
correlated (all other variables) to the amount of change in the CVA, indicating that as
FHP decreased, the various outcome variables were found to be improved. Specially, a
negative correlation between CVA and pain and HRA indicates that as CVA increases (FHP
decreases) pain intensity and HRA decrease. See Table 5 for details.

Table 5. Correlations (Pearson’s r) between the amount of change in CVA angle and the amount of
change of all measured outcomes (3-month follow-up scores and initial scores).

Correlation between Variables

∆ CVA
CBP Group
r (p Value)

n = 33

∆ CVA
Standard Group

r (p Value)
n = 33

∆Pain intensity −0.7
(<0.001)

−0.67
(<0.001)

∆Berg Balance Score 0.64
(<0.001)

0.49
(<0.001)

∆ Head repositioning accuracy (Right) −0.69
(<0.001)

−0.71
(<0.001)

∆ Head repositioning accuracy (Left) −0.72
(<0.001)

−0.72
(<0.001)

∆ CROM lateral flexion Right 0.49
(<0.001)

0.61
(<0.001)

∆ CROM lateral flexion Left 0.57
(<0.001)

0.52
(<0.001)

∆ CROM rotation right 0.49
(<0.001)

0.61
(<0.001)

∆ CROM rotation left 0.57
(<0.001)

0.52
(<0.001)

CVA = craniovertebral angle; ∆ = change.

4. Discussion

Unexpectedly, there was a significant difference between the groups regarding the
CVA, favoring the CBP group. However, the patient perceptive outcomes of neck pain and
the functional outcome measures (berg balance, HRA, and cervical ROM) showed fewer
differences between the groups at 6 weeks of treatment. In contrast, after 3 months of follow-
up with no further interventions, the standard exercise group’s improvements regressed
back to baseline values, while the CBP group showed sustained improved management
outcomes for all variables. Thus, these contrasting trends of changes in outcomes at
3 months after the treatment between our two groups may indicate that our hypothesis is
supported, namely, that using different FHP correction techniques will differently affect
the amount of CVA and other related outcomes.

4.1. Sagittal Cervical Alignment

The improvement in FHP and cervical lordotic curve recorded by the CBP group was
anticipated in as much as previous investigations have identified that this DCTO does
indeed improve cervical lordosis and reduce anterior head translation [37–39]. Sustained
extension loading on devices like the Denneroll causes stretching of the visco-elastic tissues
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(discs, ligaments, and muscles) of the cervical spine in the direction of the neutral head
and neck posture and increased lordosis; this is the likely explanation and rationale for
sustained extension loading restoring the cervical lordosis and improving anterior head
translation [37–41].

There was considerable improvement in the CBP group in comparison with the stan-
dard group, and our study identified a similar mean improvement in the CVA compared to
a previous investigation using the DCTO [37]. Interestingly, the similar improvement in
the CVA in the current study compared to the previous investigation seems contradictory
in as much as only 18 sessions were used herein on the Denneroll, while the previous
investigation used 30 sessions [37]. The fact that 60% of the treatments yielded similar
postural changes may be attributed to the elderly age range and decreased elastic recovery
in comparison to younger age groups. Previously, Oliver and Twomey [42] identified
that elderly cadaveric spines obtained more viscoelastic creep deformation and less elastic
recovery compared to younger aged specimens under the same extension loading scenario.
It is important to understand the role of collagen and how age-related changes to collagen
matrices are linked to the declining mechanical properties of aging bones and joints [43,44].
Physical and biochemical changes occur in collagen with increasing age, resulting in de-
creased extensibility. These changes include an increased formation of intramolecular and
intermolecular cross-links that restrict the ability of the collagen fibers to move past each
other as tissue length changes [45]. Another possible explanation for the same magnitude
of improvement in the CVA in 40% fewer treatment sessions could be the effectiveness of
the new mirror image exercise sequence as performed herein. Problematically, we did not
have a group that compared this exercise alone, so it remains unknown which intervention
created the most improvement in the CVA.

Regardless of which intervention improved the CVA more significantly in the CBP
group, we suggest it is likely that the improvement of cervical sagittal alignment is the main
modulator for the enhanced and maintained changes in the pain and functional outcome
measures in our CBP group, as supported by the strong correlation between the amount
of change in the CVA in both groups and measurement outcomes at the two intervals of
re-assessment. It is likely that the continuous asymmetrical loading from altered posture
(forward head posture) may be the possible explanation for the decline in functional status
for the control group at 3 months follow-up, as supported by predictions from experimental
and biomechanical spine-posture modeling studies [46,47], surgical outcomes [48,49], and
large cohort investigations [50]. Abnormal posture is considered a predisposing factor for
pain because it elicits abnormal stresses and strains in many structures, including bone,
intervertebral discs, facet joints, musculotendinous tissues, and neural elements [46–52].

The participants in our standard exercise group completed a 6-week-long, 3 x per week,
18-session protocol of standardized stretching and strengthening exercises according to the
randomized trial protocol of Harman et al. [1]. We followed this methodology because it
built on the known protocols from Kendall et al. [2], and it has been documented that these
types of standardized stretching and strengthening exercises are effective at reducing FHP
and improving patient cervical spine conditions in clinical trials [1,2,20]. Thus, this standard
treatment of exercises provided an established evidence-based protocol to compare and
contrast the CBP group’s treatment to. There are several other exercise systems in the
literature designed to improve FHP abnormalities (Pilates [24], McKenzie [23], biofeedback
methods [22], and Feldenkrais techniques [53]) that we could have used to compare the
CBP group outcomes to. However, we elected to use the standard exercises herein, as they
are commonly used in clinical settings, have documented results in clinical trials, and this
is the accepted protocol that is actively used in our university’s senior care center. However,
to our knowledge, none of these protocols have been uniquely investigated in an elderly
population with defined FHP and neck pain such as in our investigation, making our trial
and results unique.
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4.2. Balance, Pain, Cervicocephalic Kinesthetic Sensibility and ROM

Importantly, after restoring the proper cervical sagittal alignment, there were recorded
improvements in a wide range of main complaints that were not just related to neck pain;
balance, ROM, and repositioning accuracy were all reported to have improved. According
to the most recent research, neck pain relief following cervical spine therapy, including
better radiographic sagittal plane alignment, shows a clear causal relationship. For instance,
Harrison et al. statistically differentiate symptomatic neck pain patients from asymptomatic
volunteers based on discriminant analysis based on the cervical sagittal alignment [54].
According to McAviney et al. [55], individuals with neck curves (C2-7 posterior tangents)
less than 20◦ had a two-fold increased risk of suffering neck discomfort, and those with
curves less than 0◦ (straight and kyphotic curves) had an 18-fold increased risk. Neck pain
is also linked to a forward head posture, which can happen with lordosis loss [49].

A growing body of research suggests that the FHP and balance are directly related.
For instance, Moustafa et al. found a significant association between the CVA and the
postural stability index as a measure of balance and posture stability [56]. In terms of
ROM improvements, our findings are in line with the findings of Darnel’s research [57],
which stated that “correct mechanical alignment is crucial for cervical joint performance”.
These results are generally consistent with those of White and Panjabi [58], who claimed
that coupled motions in the cervical spine rely on a variety of variables, including the
posture of the spine, the geometry of the individual vertebrae, and the orientation of the
facet joints. Additionally, Miyazaki et al. [59] performed a retrospective study employing
kinetic magnetic resonance imaging looking at the connection between disc degeneration
and changes in the sagittal alignments of the cervical spine. According to them, when
the alignment changed from normal to a cervical lordotic curvature that was smaller,
the segmental translational motion and angular displacements tended to decrease at all
levels [59].

4.3. Limitations

As with all investigations, our study has some limitations, each of which lends itself to
a future investigation. A primary limitation was that our sample was a convenient sample
rather than a random sample of the entire aging population. Second, we did not include a
natural history group, and we did not assess the effects of different numbers of treatment
interventions to identify the optimum frequency and duration of treatment in seniors with
FHP and neck pain. Thus, it remains to be seen what effect a greater frequency and number
of traction sessions will produce and what effect the Denneroll would have on improvement
of altered posture alignment in disorders other than chronic neck pain in the elderly
population. Third, we used a combined treatment approach of Denneroll extension traction
with a new sagittal plane mirror image exercise sequence, and we were not able to discern
the effects on the CVA and outcome measures from each individual therapeutic intervention.
Additionally, despite better outcomes in the CBP group, clinically they remained at an
average CVA value that is on the cusp of normal [27]. Therefore, in practice, many of these
patients would require continued treatment to correct the CVA to below the normative
threshold. It is yet to be determined if this would translate into continued outcome
improvements. Likewise, this investigation used a relatively short duration of follow-up at
3 months; it is therefore not known how long the improvements in the CBP group would
remain. Lastly, the results of the current RCT do not indicate the superiority of the CBP
technique for postural correction in comparison to other FHP corrective methodological
systems. There are several other postural corrective techniques used in conservative care of
patients (Pilates [24], McKenzie [23], Biofeedback [22], and Feldenkrais [53] techniques for
examples), and these techniques should be looked at in future randomized trials to identify
their effects on the CVA, pain, balance, and cervical spine mobility in elderly populations
in an effort to identify the optimum course of treatment for seniors presenting with neck
pain, disability, and abnormal FHP.
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4.4. Conclusions

This study demonstrated that although both the CBP and standardized exercise-
based FHP correction groups demonstrated initial immediate (post-intervention) improved
outcomes, the CBP group that included use of the DCTO resulted in greater immediate
improved outcomes and also a maintenance of improved outcomes at the 3-month follow-
up. The standard FHP exercise group experienced regression of the improved outcomes at
the 3-month follow-up. It is suggested that the improvement in the postural CVA (in the
CBP group but not in the standard exercise group) is the driver of superior and maintained
pain and functional outcomes at final follow-up. Therefore, clinical treatments that are
known to improve forward head posture should be added to the clinical armamentarium
for the rehabilitation of properly selected seniors with chronic neck pain and forward head
posture.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm12020542/s1, Video S1: Mirror image sagittal plane exercise.

Author Contributions: A.S.A.S., I.M.M., M.K. and A.S.A.S. conceived the research idea and par-
ticipated in its design; A.S.A.S., I.M.M., M.K., A.S.A.S., P.A.O. and D.E.H. All contributed to the
statistical analysis; A.S.A.S., I.M.M., M.K. and A.S.A.S. participated in the data collection and study
supervision; I.M.M., P.A.O. and D.E.H. All contributed to the interpretation of the results and wrote
the drafts. All authors have read and approved the final version of the manuscript and agree with
the order of presentation of the authors. All authors have read and agreed to the published version of
the manuscript.

Funding: Cervical Dennerolls for use in this trial were supplied by CBP Nonprofit, Inc. Deed E.
Harrison is President of CBP Nonprofit and is a member of a 13-member board that approves funding
of clinical trials. Deed Harrison’s role as a senior author and conflicts of interest are outlined below in
the conflicts of interest section.

Institutional Review Board Statement: The research was conducted in accordance with the Senior
Citizens Services Department and approved by the Research Institute of Medical & Health Sciences
of the University of Sharjah (reference number: REC-18-02-27-02-S). The consent form was signed
by participants prior to data collection, we also followed the CONSORT guidelines. The study was
registered at ClinicalTrials.gov with registration number: NCT05533853.

Informed Consent Statement: All participant’s pictures in the study were after written informed
consent was signed and obtained.

Data Availability Statement: The datasets analyzed in the current study are available from the
corresponding author on reasonable request.

Conflicts of Interest: PAO is a paid consultant for CBP NonProfit, Inc. DEH teaches is the CEO of
Chiropractic BioPhysics, owns the registered trademark, teaches rehabilitation methods, and sells
products used in this manuscript for patient rehabilitation to physicians in the USA. All the other
authors declare that they have no competing interests.

References
1. Harman, K.; Hubley-Kozey, C.L.; Butler, H. Effectiveness of an Exercise Program to Improve Forward Head Posture in Normal

Adults: A Randomized, Controlled 10-Week Trial. J. Man. Manip. Ther. 2005, 13, 163–176. [CrossRef]
2. Kendall, F.P.; McCreary, E.K.; Provance, P.G.; Rodgers, M.M.I.; Romani, W.A. Muscles: Testing and Function, with Posture and Pain;

LWW: Baltimore, MD, USA, 2014.
3. Griegel-Morris, P.; Larson, K.; Mueller-Klaus, K.; Oatis, C.A. Incidence of Common Postural Abnormalities in the Cervical,

Shoulder, and Thoracic Regions and Their Association with Pain in Two Age Groups of Healthy Subjects. Phys. Ther. 1992, 72,
425–431. [CrossRef] [PubMed]

4. Mahmoud, N.F.; Hassan, K.A.; Abdelmajeed, S.F.; Moustafa, I.M.; Silva, A.G. The Relationship Between Forward Head Posture
and Neck Pain: A Systematic Review and Meta-Analysis. Curr. Rev. Musculoskelet. Med. 2019, 12, 562–577. [CrossRef]

5. Quek, J.; Pua, Y.H.; Clark, R.A.; Bryant, A.L. Effects of Thoracic Kyphosis and Forward Head Posture on Cervical Range of Motion
in Older Adults. Man. Ther. 2013, 18, 65–71. [CrossRef]

6. Lee, J.H. Effects of Forward Head Posture on Static and Dynamic Balance Control. J. Phys. Ther. Sci. 2016, 28, 274–277. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm12020542/s1
https://www.mdpi.com/article/10.3390/jcm12020542/s1
http://doi.org/10.1179/106698105790824888
http://doi.org/10.1093/ptj/72.6.425
http://www.ncbi.nlm.nih.gov/pubmed/1589462
http://doi.org/10.1007/s12178-019-09594-y
http://doi.org/10.1016/j.math.2012.07.005
http://doi.org/10.1589/jpts.28.274


J. Clin. Med. 2023, 12, 542 18 of 20

7. Koseki, T.; Kakizaki, F.; Hayashi, S.; Nishida, N.; Itoh, M. Effect of Forward Head Posture on Thoracic Shape and Respiratory
Function. J. Phys. Ther. Sci. 2019, 31, 63–68. [CrossRef] [PubMed]

8. Diab, A.A.; Moustafa, I.M. The Efficacy of Forward Head Correction on Nerve Root Function and Pain in Cervical Spondylotic
Radiculopathy: A Randomized Trial. Clin. Rehabil. 2012, 26, 351–361. [CrossRef]

9. Ling, F.P.; Chevillotte, T.; Leglise, A.; Thompson, W.; Bouthors, C.; Le Huec, J.C. Which parameters are relevant in sagittal balance
analysis of the cervical spine? A literature review. Eur. Spine J. 2018, 27 (Suppl. S1), 8–15. [CrossRef]

10. Ruivo, R.M.; Pezarat-Correia, P.; Carita, A.I. Effects of a Resistance and Stretching Training Program on Forward Head and
Protracted Shoulder Posture in Adolescents. J. Manip. Physiol. Ther. 2017, 40, 1–10. [CrossRef]

11. Oakley, P.A.; Moustafa, I.M.; Harrison, D.E. Restoration of Cervical and Lumbar Lordosis: CBP® Methods Overview. In Spinal
Deformities in Adolescents, Adults and Older Adults; IntechOpen: London, UK, 2021.

12. Harrison, D.D.; Janik, T.J.; Harrison, G.R.; Troyanovich, S.; Harrison, D.E.; Harrison, S.O. Chiropractic biophysics technique: A
linear algebra approach to posture in chiropractic. J. Manip. Physiol. Ther. 1996, 19, 525–535.

13. Oakley, P.A.; Harrison, D.D.; Harrison, D.E.; Haas, J.W. Evidence-Based Protocol for Structural Rehabilitation of the Spine and
Posture: Review of Clinical Biomechanics of Posture (CBP) Publications. J. Can. Chiropr. Assoc. 2005, 49, 270–296. [PubMed]

14. Oakley, P.A.; Ehsani, N.N.; Moustafa, I.M.; Harrison, D.E. Restoring Cervical Lordosis by Cervical Extension Traction Methods
in the Treatment of Cervical Spine Disorders: A Systematic Review of Controlled Trials. J. Phys. Ther. Sci. 2021, 33, 784–794.
[CrossRef] [PubMed]

15. Moustafa, I.M.; Diab, A.A.; Harrison, D.E. The Efficacy of Cervical Lordosis Rehabilitation for Nerve Root Function and Pain
in Cervical Spondylotic Radiculopathy: A Randomized Trial with 2-Year Follow-Up. J. Clin. Med. 2022, 11, 6515. [CrossRef]
[PubMed]

16. Moustafa, I.M.; Diab, A.A.M.; Harrison, D.E. Does Improvement towards a Normal Cervical Sagittal Configuration Aid in the
Management of Lumbosacral Radiculopathy: A Randomized Controlled Trial. J. Clin. Med. 2022, 11, 5768. [CrossRef]

17. Ruivo, R.M.; Carita, A.I.; Pezarat-Correia, P. The Effects of Training and Detraining after an 8 Month Resistance and Stretching
Training Program on Forward Head and Protracted Shoulder Postures in Adolescents: Randomised Controlled Study. Man. Ther.
2016, 21, 76–82. [CrossRef]

18. Diab, A.A. The Role of Forward Head Correction in Management of Adolescent Idiopathic Scoliotic Patients: A Randomized
Controlled Trial. Clin. Rehabil. 2012, 26, 1123–1132. [CrossRef]

19. Mulet, M.; Decker, K.L.; Look, J.O.; Lenton, P.A.; Schiffman, E.L. A Randomized Clinical Trial Assessing the Efficacy of Adding
6 x 6 Exercises to Self-Care for the Treatment of Masticatory Myofascial Pain. J. Orofac. Pain 2007, 21, 318–328.

20. Im, B.; Kim, Y.; Chung, Y.; Hwang, S. Effects of Scapular Stabilization Exercise on Neck Posture and Muscle Activation in
Individuals with Neck Pain and Forward Head Posture. J. Physical. Ther. Sci. 2015, 28, 951–955. [CrossRef]

21. Jang, H.J.; Kim, M.J.; Kim, S.Y. Effect of Thorax Correction Exercises on Flexed Posture and Chest Function in Older Women with
Age-Related Hyperkyphosis. J. Phys. Ther. Sci. 2015, 27, 1161–1164. [CrossRef]

22. Kang, D.Y. Deep Cervical Flexor Training with a Pressure Biofeedback Unit Is an Effective Method for Maintaining Neck Mobility
and Muscular Endurance in College Students with Forward Head Posture. J. Phys. Ther. Sci. 2015, 27, 3207–3210. [CrossRef]

23. Kang, J.-I.; Jeong, D.-K.; Choi, H. The Effect of Feedback Respiratory Exercise on Muscle Activity, Craniovertebral Angle, and
Neck Disability Index of the Neck Flexors of Patients with Forward Head Posture. J. Phys. Ther. Sci. 2016, 28, 2477–2481.
[CrossRef] [PubMed]

24. Lee, S.M.; Lee, C.H.; O’Sullivan, D.; Jung, J.H.; Park, J.J. Clinical Effectiveness of a Pilates Treatment for Forward Head Posture. J.
Phys. Ther. Sci. 2016, 28, 2009–2013. [CrossRef] [PubMed]

25. Seidi, F.; Rajabi, R.; Ebrahimi, I.; Alizadeh, M.H.; Minoonejad, H. The Efficiency of Corrective Exercise Interventions on Thoracic
Hyper-Kyphosis Angle. J. Back Musculoskelet. Rehabil. 2014, 27, 7–16. [CrossRef] [PubMed]

26. Ikegami, S.; Uehara, M.; Tokida, R.; Nishimura, H.; Sakai, N.; Horiuchi, H.; Kato, H.; Takahashi, J. Cervical Spinal Alignment
Change Accompanying Spondylosis Exposes Harmonization Failure with Total Spinal Balance: A Japanese Cohort Survey
Randomly Sampled from a Basic Resident Registry. J. Clin. Med. 2021, 10, 5737. [CrossRef]

27. Yip, C.H.T.; Chiu, T.T.W.; Poon, A.T.K. The relationship between head posture and severity and disability of patients with neck
pain. Man. Ther. 2008, 13, 148–154. [CrossRef]

28. Fedorchuk, C. Cervical Coupling Patterns following head retraction with compression to neutral: A Prospective Study. In
Proceedings of the 39th CBP Annual Convention, Scottsdale, AZ, USA, 13–15 October 2017.

29. Fedorchuk, C.; Lightstone, D.; Comer, R. Radiographic stress analysis to determine the proper coupling patterns of the cervical
spine prior to intervention. In Proceedings of the 2nd International Conference on Medical Imaging and Case Reports (MICR)
2019, Newton, Boston, MA, USA, 20–22 November 2019.

30. SolakoÄa&lu, Ö.; Yalçin, P.; Dinçer, G. The Effects of Forward Head Posture on Expiratory Muscle Strength in Chronic Neck Pain
Patients: A Cross-Sectional Study. Turk. J. Phys. Med. Rehabil. 2020, 66, 161–168. [CrossRef]

31. Subbarayalu, A.V. Measurement of Craniovertebral Angle by the Modified Head Posture Spinal Curvature Instrument: A
Reliability and Validity Study. Physiother. Theory Pract. 2016, 32, 144–152. [CrossRef]

32. Pickenbrock, H.M.; Diel, A.; Zapf, A. A Comparison between the Static Balance Test and the Berg Balance Scale: Validity,
Reliability, and Comparative Resource Use. Clin. Rehabil. 2016, 30, 288–293. [CrossRef]

http://doi.org/10.1589/jpts.31.63
http://www.ncbi.nlm.nih.gov/pubmed/30774207
http://doi.org/10.1177/0269215511419536
http://doi.org/10.1007/s00586-018-5462-y
http://doi.org/10.1016/j.jmpt.2016.10.005
http://www.ncbi.nlm.nih.gov/pubmed/17549209
http://doi.org/10.1589/jpts.33.784
http://www.ncbi.nlm.nih.gov/pubmed/34658525
http://doi.org/10.3390/jcm11216515
http://www.ncbi.nlm.nih.gov/pubmed/36362743
http://doi.org/10.3390/jcm11195768
http://doi.org/10.1016/j.math.2015.05.001
http://doi.org/10.1177/0269215512447085
http://doi.org/10.1589/jpts.28.951
http://doi.org/10.1589/jpts.27.1161
http://doi.org/10.1589/jpts.27.3207
http://doi.org/10.1589/jpts.28.2477
http://www.ncbi.nlm.nih.gov/pubmed/27799674
http://doi.org/10.1589/jpts.28.2009
http://www.ncbi.nlm.nih.gov/pubmed/27512253
http://doi.org/10.3233/BMR-130411
http://www.ncbi.nlm.nih.gov/pubmed/23948845
http://doi.org/10.3390/jcm10245737
http://doi.org/10.1016/j.math.2006.11.002
http://doi.org/10.5606/TFTRD.2020.3153
http://doi.org/10.3109/09593985.2015.1099172
http://doi.org/10.1177/0269215515578297


J. Clin. Med. 2023, 12, 542 19 of 20

33. Young, I.A.; Dunning, J.; Butts, R.; Mourad, F.; Cleland, J.A. Reliability, Construct Validity, and Responsiveness of the Neck
Disability Index and Numeric Pain Rating Scale in Patients with Mechanical Neck Pain without Upper Extremity Symptoms.
Physiother. Theory Pract. 2019, 35, 1328–1335. [CrossRef]

34. Rix, G.D.; Bagust, J. Cervicocephalic Kinesthetic Sensibility in Patients with Chronic, Nontraumatic Cervical Spine Pain. Arch.
Phys. Med. Rehabil. 2001, 82, 911–919. [CrossRef]

35. Lee, H.Y.; Teng, C.C.; Chai, H.M.; Wang, S.F. Test-Retest Reliability of Cervicocephalic Kinesthetic Sensibility in Three Cardinal
Planes. Man. Ther. 2006, 11, 61–68. [CrossRef] [PubMed]

36. Reddy, R.S.Y.; Maiya, A.G.; Rao, S.K. Effect of age on cervicocephalic kinesthetic sensibiity. Int. J. Curr. Res. Rev. 2011, 3, 42–48.
37. Moustafa, I.M.; Diab, A.A.; Hegazy, F.; Harrison, D.E. Does Improvement towards a Normal Cervical Sagittal Configuration Aid

in the Management of Cervical Myofascial Pain Syndrome: A 1- Year Randomized Controlled Trial. BMC Musculoskelet. Disord.
2018, 19, 396. [CrossRef] [PubMed]

38. Moustafa, I.M.; Diab, A.A.; Harrison, D.E. The Effect of Normalizing the Sagittal Cervical Configuration on Dizziness, Neck Pain,
and Cervicocephalic Kinesthetic Sensibility: A 1-Year Randomized Controlled Study. Eur. J. Phys. Rehabil. Med. 2017, 53, 57–71.
[CrossRef] [PubMed]

39. Moustafa, I.M.; Diab, A.A.; Taha, S.; Harrison, D.E. Addition of a Sagittal Cervical Posture Corrective Orthotic Device to a Multi-
modal Rehabilitation Program Improves Short- and Long-Term Outcomes in Patients With Discogenic Cervical Radiculopathy.
Arch. Phys. Med. Rehabil. 2016, 97, 2034–2044. [CrossRef] [PubMed]

40. Harrison, D.E.; Harrison, D.D.; Betz, J.J.; Janik, T.J.; Holland, B.; Colloca, C.J.; Haas, J.W. Increasing the Cervical Lordosis
with Chiropractic Biophysics Seated Combined Extension-Compression and Transverse Load Cervical Traction with Cervical
Manipulation: Nonrandomized Clinical Control Trial. J. Manip. Physiol. Ther. 2003, 26, 139–151, Erratum in J. Manip. Physiol. Ther.
2005, 28, 214. [CrossRef]

41. Harrison, D.E.; Cailliet, R.; Harrison, D.D.; Janik, T.J.; Holland, B. A New 3-Point Bending Traction Method for Restoring Cervical
Lordosis and Cervical Manipulation: A Nonrandomized Clinical Controlled Trial. Arch. Phys. Med. Rehabil. 2002, 83, 447–453.
[CrossRef]

42. Oliver, M.J.; Twomey, L.T. Extension creep in the lumbar spine. Clin. Biomech. 1995, 10, 363–368. [CrossRef]
43. Jackson, A.; Gu, W. Transport Properties of Cartilaginous Tissues. Curr. Rheumatol. Rev. 2009, 5, 40–50. [CrossRef]
44. Zioupos, P.; Currey, J.D.; Hamer, A.J. The Role of Collagen in the Declining Mechanical Properties of Aging Human Cortical Bone.

J. Biomed. Mater. Res. 1999, 45, 108–116. [CrossRef]
45. Wallmann, H.W. Stretching and Flexibility in the Aging Adult. Home Health Care Manag. Pract. 2009, 21, 355–357. [CrossRef]
46. Harrison, D.E.; Colloca, C.J.; Harrison, D.D.; Janik, T.J.; Haas, J.W.; Keller, T.S. Anterior Thoracic Posture Increases Thoracolumbar

Disc Loading. Eur. Spine J. 2005, 14, 234–242. [CrossRef] [PubMed]
47. Keller, T.S.; Colloca, C.J.; Harrison, D.E.; Harrison, D.D.; Janik, T.J. Influence of Spine Morphology on Intervertebral Disc Loads

and Stresses in Asymptomatic Adults: Implications for the Ideal Spine. Spine J. 2005, 5, 297–309. [CrossRef] [PubMed]
48. Protopsaltis, T.S.; Scheer, J.K.; Terran, J.S.; Smith, J.S.; Hamilton, D.K.; Kim, H.J.; Mundis, G.M.; Hart, R.A.; McCarthy, I.M.;

Klineberg, E.; et al. How the Neck Affects the Back: Changes in Regional Cervical Sagittal Alignment Correlate to HRQOL
Improvement in Adult Thoracolumbar Deformity Patients at 2-Year Follow-Up. J. Neurosurg. Spine 2015, 23, 153–158. [CrossRef]
[PubMed]

49. Scheer, J.K.; Passias, P.G.; Sorocean, A.M.; Boniello, A.J.; Mundis, G.M.; Klineberg, E.; Kim, H.J.; Protopsaltis, T.S.; Gupta, M.; Bess,
S.; et al. Association between Preoperative Cervical Sagittal Deformity and Inferior Outcomes at 2-Year Follow-up in Patients
with Adult Thoracolumbar Deformity: Analysis of 182 Patients. J. Neurosurg. Spine 2016, 24, 108–115. [CrossRef] [PubMed]

50. Glassman, S.D.; Bridwell, K.; Dimar, J.R.; Horton, W.; Berven, S.; Schwab, F. The Impact of Positive Sagittal Balance in Adult
Spinal Deformity. Spine 2005, 30, 2024–2029. [CrossRef] [PubMed]

51. Harrison, D.E.; Cailliet, R.; Harrison, D.D.; Troyanovich, S.J.; Harrison, S.O. A Review of Biomechanics of the Central Nervous
System—Part II: Spinal Cord Strains from Postural Loads. J. Manip. Physiol. Ther. 1999, 22, 322–332. [CrossRef]

52. Breig, A.; Marions, O. Biomechanics of the Lumbosacral Nerve Roots. Acta Radiol. 1963, 1, 1141–1160. [CrossRef]
53. Berland, R.; Marques-Sule, E.; Marín-Mateo, J.L.; Moreno-Segura, N.; López-Ridaura, A.; Sentandreu-Mañó, T. Effects of the

Feldenkrais Method as a Physiotherapy Tool: A Systematic Review and Meta-Analysis of Randomized Controlled Trials. Int. J.
Environ. Res. Public Health 2022, 19, 13734. [CrossRef]

54. Harrison, D.D.; Harrison, D.E.; Janik, T.J.; Cailliet, R.; Ferrantelli, J.R.; Haas, J.W.; Holland, B. Modeling of the Sagittal Cervical
Spine as a Method to Discriminate Hypolordosis: Results of Elliptical and Circular Modeling in 72 Asymptomatic Subjects,
52 Acute Neck Pain Subjects, and 70 Chronic Neck Pain Subjects. Spine 2004, 29, 2485–2492. [CrossRef]

55. McAviney, J.; Schulz, D.; Bock, R.; Harrison, D.E.; Holland, B. Determining the Relationship between Cervical Lordosis and Neck
Complaints. J. Manip. Physiol. Ther. 2005, 28, 187–193. [CrossRef]

56. Moustafa, I.M.; Youssef, A.; Ahbouch, A.; Tamim, M.; Harrison, D.E. Is Forward Head Posture Relevant to Autonomic Nervous
System Function and Cervical Sensorimotor Control? Cross Sectional Study. Gait Posture 2020, 77, 29–35. [CrossRef] [PubMed]

57. Darnell, M.W. A Proposed Chronology of Events for Forward Head Posture. J. Craniomandib. Pract. 1983, 1, 49–54. [CrossRef]
[PubMed]

http://doi.org/10.1080/09593985.2018.1471763
http://doi.org/10.1053/apmr.2001.23300
http://doi.org/10.1016/j.math.2005.03.008
http://www.ncbi.nlm.nih.gov/pubmed/15922647
http://doi.org/10.1186/s12891-018-2317-y
http://www.ncbi.nlm.nih.gov/pubmed/30419868
http://doi.org/10.23736/S1973-9087.16.04179-4
http://www.ncbi.nlm.nih.gov/pubmed/27575013
http://doi.org/10.1016/j.apmr.2016.07.022
http://www.ncbi.nlm.nih.gov/pubmed/27576192
http://doi.org/10.1016/j.jmpt.2005.02.001
http://doi.org/10.1053/apmr.2002.30916
http://doi.org/10.1016/0268-0033(95)00001-2
http://doi.org/10.2174/157339709787315320
http://doi.org/10.1002/(SICI)1097-4636(199905)45:2&lt;108::AID-JBM5&gt;3.0.CO;2-A
http://doi.org/10.1177/1084822309334073
http://doi.org/10.1007/s00586-004-0734-0
http://www.ncbi.nlm.nih.gov/pubmed/15168237
http://doi.org/10.1016/j.spinee.2004.10.050
http://www.ncbi.nlm.nih.gov/pubmed/15863086
http://doi.org/10.3171/2014.11.SPINE1441
http://www.ncbi.nlm.nih.gov/pubmed/25978077
http://doi.org/10.3171/2015.3.SPINE141098
http://www.ncbi.nlm.nih.gov/pubmed/26360147
http://doi.org/10.1097/01.brs.0000179086.30449.96
http://www.ncbi.nlm.nih.gov/pubmed/16166889
http://doi.org/10.1016/S0161-4754(99)70065-5
http://doi.org/10.1177/028418516300100603
http://doi.org/10.3390/ijerph192113734
http://doi.org/10.1097/01.brs.0000144449.90741.7c
http://doi.org/10.1016/j.jmpt.2005.02.015
http://doi.org/10.1016/j.gaitpost.2020.01.004
http://www.ncbi.nlm.nih.gov/pubmed/31955048
http://doi.org/10.1080/07345410.1983.11677844
http://www.ncbi.nlm.nih.gov/pubmed/6586880


J. Clin. Med. 2023, 12, 542 20 of 20

58. White, M.; Panjabi, A.A. Clinical Biomechanics of the Spine, 2nd ed.; Lippincott Williams and Wilkins: Philadelphia, PA, USA, 1990;
Volume 2.

59. Miyazaki, M.; Hymanson, H.J.; Morishita, Y.; He, W.; Zhang, H.; Wu, G.; Kong, M.H.; Tsumura, H.; Wang, J.C. Kinematic
Analysis of the Relationship between Sagittal Alignment and Disc Degeneration in the Cervical Spine. Spine 2008, 33, E870–E876.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1097/BRS.0b013e3181839733
http://www.ncbi.nlm.nih.gov/pubmed/18978580

	Introduction 
	Materials and Methods 
	Participants 
	Randomization 
	Interventions 
	Mirror Image Exercises 
	The Standardized Exercise Based FHP Correction Group (Standard Group) 
	Outcome Measures 
	Craniovertebral Angle 
	Berg Balance Scale 
	Numeric Pain Rating Scale 
	Cervicocephalic Kinesthetic Sensibility 

	Sample Size Determination 
	Data Analysis 

	Results 
	Discussion 
	Sagittal Cervical Alignment 
	Balance, Pain, Cervicocephalic Kinesthetic Sensibility and ROM 
	Limitations 
	Conclusions 

	References

