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ABSTRACT

This study used 102 participants to analyse the influence that body mass, training experience
and fighting stance had on the isometric neck strength of male amateur boxers. A MANCOVA
analysed allometriclly scaled isometric neck strength data, in flexion (FLX), extension (EXT),
left lateral flexion (LLF) and right lateral flexion (RLF) across 10 weight divisions. Training
experience groups was set as the covariate. A second MANOVA assessed absolute neck
strength scores against the boxer’s preferred fighting stance. Results across weight divisions
highlighted a significant difference in FLX (p = .02) only. No differences were noted between
training groups. A Pearson’s r produced significant weak negative correlations in FLX and
lateral flexion (p = .05). The fighting stance observation highlighted a significant difference (p
< .01) in LLF between southpaws and orthodox fighters. Ratio trends also highlighted that
southpaws have stronger RLF and orthodox boxers had stronger in LLF. Conclusions: The
neck strength of boxers differs among the weight divisions, but only in FLX. General trends
indicate heavier boxers have marginally weaker necks. Training age has no impact on neck
strength but preferred fighting stance does, especially in lateral flexion. Recommendations:
Further research is required on neck responses of the boxer when receiving a punch. By
understanding this, practitioners will be able to best utilise the lateral flexion finding. Until
such information is available, develop isometric neck strength in FLX and bi-lateral flexion,
whilst mainlining strength symmetry is suggested.

Key words: Contact sport, cervical muscle, peak activation.
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1.0 INTRODUCTION

Isometric neck strength monitoring and development is important for high impact sports (9,12).
Cervical strength literature highlights how neck strength asymmetries can lead to potential
injury (2,5). Therefore, by establishing a normative isometric neck strength database, collected
information becomes an essential point of biomechanical reference for coaches and medical
professionals (16) to lay foundations for athletic advancement and rehabilitation (10,34). Also,
it would provide opportunity for statistical understanding of how body mass, training
techniques and experience within a sport has the potential to impact on neck strength symmetry.
However, one sport that appears absent from the cervical strength discussion is boxing.

Existing boxing research articles have focused on the development of punching power (22,23)
as opposed to the fighter’s ability to absorb forces to the head. Considering that a peak punch
force of 4741 N (31) has been recorded, and both hook and uppercut punches to the jaw can
produce head velocities of 3.08 m/s and 2.85 m/s respectively (8), a contextualisation of punch
force impact, upon the head and neck of a boxer, emerges. Cervical kinematic and kinetic
research has highlighted that isometric pre-tension of the cervical musculature, results in less
severe head impact measurements (13,24). This is because an impact to the head of an athlete,
with a compliant neck, will expose that individual to experience greater head displacement
accelerations and velocities (7). The control of head-neck displacement and reduction of head
acceleration, has been associated with improved neck stiffness (2,7,28). Therefore, the
development of isometric neck strength should increase the athlete’s ability to absorb and
dissipate some of the kinetic energy responsible for head acceleration (9,13).
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Cervical spine kinematics are complex, they facilitate head movement in flexion (FLX),
extension (EXT), left lateral flexion (LLF) and right lateral flexion (RLF). Neck muscles
activated in lateral flexion, are bilaterally activated when forced into FLX or EXT (4) and coactivate when redirecting absorbed forces applied to the head (16). Such an interdependency
highlights the need for an efficient neck strength symmetry. Correlations (r = -.50 to -.76, p <
.05) between neck strength and head acceleration, have associated weaker necks with larger
impacts from heading a football (13). Whereas footballers with a more balanced neck strength
symmetry have a reduced head acceleration when performing the same task (2,5).

The majority of studies reporting on neck strength symmetries indicate that EXT is stronger
than FLX (5,7,11,13,14,16,20,25,33). This should be expected, considering moments recorded
on the necks in FLX and lateral flexion are only 58% and 69% respectively of EXT scores (29).
The research literature indicates, that the better conditioned the athletes, the more efficient
isometric neck FLX to EXT strength ratio appears to be (9,11,15,16). Impacting factors on
neck symmetry vary, with body mass (10,15,26), maturation (9,15,16), or exposure to a specific
neck strengthening intervention (1,11,25). Strength development, as a by-product of a sport’s
technical training (33), and specific playing position (20) may also influence cervical
symmetry. For example, rugby union forwards possess a lower FLX to EXT ratio than backline
players, due to neck activation requirements when scrummaging (20). Unlike team sports,
boxing does not have playing positions, however, it does have stance preferences. Boxers can
fight out of an orthodox (right handed boxer), or southpaw stance (left handed boxer).
Considering the difference in stance requires a difference in head orientation, and encourages
the less dominant hand to be used in a jab-punch capacity, it could be beneficial to identify
potential trends associating stance with neck symmetry.
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Perhaps the greatest influencing consideration, on neck strength, is body mass. Male amateur
boxing consists of 10 weight divisions (WD). Research literatures reveals that punch forces
received by the head of a test dummy, correlates (r = .54, p = .02) with weight category (31).
Therefore, a valid supposition may be drawn that boxers of the heavier WD could have
proportionally stronger necks over the lighter boxers, to accommodate greater punching forces.
The significance of neck strength to body mass has been observed in a variety of studies with
mixed conclusions. For example, lighter professional rugby players outperformed heavier
semi-professionals in neck strength tests (11), whereas elite senior wrestlers significantly
outperformed their similarly sized elite junior counterparts (33). The authors of the wrestling
study suggest that the greater experience and technical training exposure of the senior athletes
possibly contributed to the test score difference (33). However, considering there was a fiveyear difference between the wrestling groups, the issue could also be attributed to maturation.

The maturation argument is further highlighted, when considering high school sport athletes,
only have 54% to 73% of the neck strength produced by collegiate athletes (7,16). The
investigation of the various influencing variables on body mass, may reinforce the possibility
that, any reasonable neck strength to body mass relationship, and efficient symmetrical neck
strength ratio, could be influenced by the conditioned state of the athlete (25), and the training
environment (1). However, to what extent, the specific impact of training age, technical
practice, or fighting stance has on the cervical strength of adult male amateur boxers, remains
unmeasured.

Therefore the purpose of this study was to examining neck strength of male amateur boxers. A
body mass to strength correlation allows for comparison against body mass to punch force
correlations, but more importantly, it may provide support the primary aim, where isometric
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neck strength was expected to be significantly different between the 10 WD. Secondly, neck
strength was expected to be significantly different across training ages. Finally, a significant
difference was expected between the two fighting stances. The results of the study should direct
practitioners to the importance of an effective development strategy that can focus on the neck
strength symmetry of their boxers, not just to identify potential asymmetry issues, but also to
understand trends that could be attributed to the technical or physical requirements of the sport.
The appropriate application, from such an understanding, may support the athletes in the
reduction of head accelerations (5,7).
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2.0 METHODS

2.1 Experimental Approach to the Problem

The study was designed to collect data on the isometric neck strength of male amateur boxers.
This data was utilised to observe the impact of isometric neck strength between the 10 WD of
amateur boxing (weight effect) and on three training experience groups (TEG), the (training
age effect). Additionally, data was analysed to highlight possible asymmetry trends across
boxing WD and between preferred fighting stances, (Fighting Stance). The Independent
variable was WD, set with 10 separate levels, one for each of the boxing weight categories, and
a covariate was TEG, set with 3 levels, based on the number of years the individual has been
boxing: 0-4 years (0-4y), 5-9 years (5-9y) and 10+years (10+y). Four dependent variables were
tested. These were isometric FLX, EXT, LLF and RLF. Prior to the normative data study, a
test-retest reliability study, consisting of 10 separate non-boxing participants, was undertaken
to assess the consistency and stability of any data recorded by the testing equipment.

2.2 Subjects

The normative data study recruited 102 male subjects (Table 1), from Irish Amateur Boxing
Association (IABA) affiliated clubs across the province of Ulster. All participants were
registered with the IABA, and fight at club, regional, provincial, or national level. All
participants were over 18 years old. The study was approved by the ethics sub-committee of St
Mary’s University, Twickenham, London. Each participant was presented with a study
information sheet, outlining the purpose of the study, and instruction on consent. Volunteers
for the research signed a consent form. Prior to testing, participants completed a physical
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activity readiness questionnaire (PAR-Q), and were excluded if they had a musculoskeletal or
orthopaedic injury history to the shoulder, thoracic or the cervical region. Additionally,
participants were excluded if they were unable to wear a head harness due to any medical
condition. Testing took place over a 5-week period, divided either side of national and regional
competitions. This resulted in boxers being close to their fighting weight when tested.

The 10 male volunteers for the reliability study (Table 1) consisted of administrators and
individuals recreationally training at the approached boxing clubs. These participants were not
registered as an amateur boxer. All reliability study participants were presented with the same
study information and followed the PAR-Q and consent protocol as outlined for the normative
study volunteers.
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2.3 Equipment

The test equipment, within this study, was designed and manufactured by the author. A
purpose-built frame was constructed with four steel uprights secured by aluminium horizontal
and diagonal bracing (Figure 1a). Locking-bolts held the frame in place. Steel L-brackets
secured the feet of the uprights to a plywood base for stability. The two front uprights were
padded to provide comfort, and torso support for the seated participant during testing. An
anchor board was positioned at the rear of the frame. A 5 mm threaded bar, attached to a straingauge transducer, was bolted in place along the anchor board (Figure 1b). The transducer used,
to measure force application, was a 1 kN DBBSMM series miniature S-beam load-cell
(Applied Measurements Ltd., Aldemaston, Berkshire, UK). The load-cell accuracy was

+

-

0.03%, and it was calibrated to recognise tensile force as the positive output. The load-cell was
used in conjunction with a handheld, battery powered, TR150 series digital display load cell
indicator (Applied Measurements Ltd., Aldemaston, Berkshire, UK). The peak function was
utilised on the display indicator, to highlight the greatest force applied in any single test
attempt. This was to the nearest 0.1 N. The displayed force was manually recorded on a data
collection sheet.

A 5 mm diameter eye-bolt was also attached to the load-cell (Figure 1c). This facilitated a 3mm diameter steel cable and a 50-mm carabiner for attachment to the head harness. The anchor
board at the rear of the frame had holes positioned at 20 mm centres. This allowed the loadcell to be adjusted vertically to match the height of individual participant (Figure 1d). This
ensured that horizontal alignment of the load-cell was within +- 1o. Horizontal length alterations,
and the tension of the cable, was fine turned by adjusting the nut, of the threaded bolt
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attachment, at the anchor board. This was tightened until the test measuring equipment was
horizontal and a tension reading of approximately 15 N had been registered.

Participants wore a standard neck strength training head harness (Senshi Japan Ltd.,
Manchester, UK). The harness has ‘D’ hook attachments, positioned on the circumference
strap, to facilitate the 4 test directions. Velcro straps attached under the chin and around the
circumference of the head, secured the head harness in position. Alignment of the lower border
of the circumference strap with the eyebrow line of the volunteer, ensured that the level of the
pulling cable attachment was consistent in all test directions (11). The head was to maintain a
neutral anatomical position throughout the procedure (25). Therefore, the participant was
instructed to sit upright, and the eyebrow line and chin position were checked for horizontal.
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2.4 Procedures

Body mass was measured using Saca Robusta 813 weighing scales (Saca UK, Birmingham,
UK) as part of the PAR-Q procedure. Participants provided information of fighting weight
category, preferred fighting stance and training experience age, as part of the data collection
form. The volunteers were then instructed on the test procedure, and how the equipment should
be correctly used.

Participants cleared to participate in the study, performed a pre-test neck, shoulder, and upper
back warm-up. This was based on a previous study (26) and consisted of 3 sets of 10 repetitions
of vertical shoulder shrugs, shoulder circles (posterior direction arms by the side), scapula
retraction / protraction (clasp hands and extend the arms to the front to work through full range
of motion), and half circumduction of the neck (in FLX, EXT and lateral flexion). A
potentiation sequence, consisting of 2 sets for a 5 second duration hand press into the fore, back
and sides of the head, was added. This provided specific preparation for the isometric neck
strength test in the 4 desired directions.

During testing, participants were required to sit, in an upright position, with the head in a
neutral position, on a box stool that was abutted to the frame. The orientation of the volunteer,
in relation to the frame, depended on the direction of isometric neck strength test (Figure 2).
This orientation was randomly selected to prevent the potential effects of test sequencing (20).
To isolate the neck, 5 cm wide Velcro straps secured the participant’s waist and chest to the
frame. This limited torso movement. To remove limb involvement, the arms were also strapped
to the frame and hands were required to rest loosely on the lap, with palms in a supine position.
The feet rested on two separate stability balance discs (25). Once the head harness and cable
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connection were correctly positioned, the volunteers then provided 3 isometric neck
contractions, by pulling against the load-cell, in each of the 4 test directions. The participants
had a 3 second countdown to brace, prior to the maximal effort. This reduced the chance for
injury to the neck and avoided a shock force being applied to the load-cell. The contraction for
each maximal effort lasted for 5 seconds (20,25,26). A 30 second rest between each attempt
was provided (13). The timed test duration, and rest period, was digitally pre-recorded to ensure
continuity of instruction for each test. A minimum 1 minute rest, between sets, was granted
(26), providing opportunity for the volunteer to both recover and reposition themselves for the
next test direction. The peak force from each attempt was recorded. Additional trials were
required if the covariance of the 3 attempts was greater than 10% (16). The mean score from
the 3-maximal peak isometric neck contraction attempts, per direction, was used for statistical
calculation (11,13,16).
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2.4.1 Reliability Study Procedures

The 10 recruited reliability study participants performed the described maximal isometric test
protocol on two separate occasions, one week apart. The volunteers were discouraged from
performing any strength training during the week between tests, and were retested at the same
time of the day on both occasions.

2.5 Statistical Analyses

All statistical analyses were calculated using SPSS 24.0 (IBM SPSS Statistics, Armonk, NY)
statistical software. An α-level of .05 was set for all tests. Wilks lambda was used to determine
the existence an initial joint significant difference in the MANCOVA. Standard deviation (SD)
was used in conjunction with mean results.

2.5.1 Reliability Study Statistical Analysis

A reliability analysis intraclass correlation coefficient (ICC) determined the significant
difference between test-retest data. The 3-attempt mean and maximum scores, for each
reliability study participant, was compared. All four-isometric neck strength test directions
were analysed.

2.5.2 Normative Data Study Statistical Analyses
The weight effects were calculated using a multivariate analysis of covariance (MANCOVA).
This highlighted the statistical differences of the four dependent variables when compared, in
an allometriclly normalised scale (force / body mass0.67), between the WD and TEG groups.
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Pearson’s r correlations were used to compare both absolute and allometriclly adjusted
measurements with body mass and adjusted measurements against training experience.

A multivariate analysis of variance (MANOVA) was used to denote potential significant
differences, in mean isometric lateral neck strength, relative to fighting stance. A Pearson’s r
correlation was used to compare absolute measurements with training age, and descriptive
statistics ratio analysis, on the absolute mean strength scores was used for symmetry
observation.

21

3.0 RESULTS

3.1 Reliability Study

Reliability analysis ICC results indicate that a strong correlation exists, between the two sets
of reliability study test data, in both 3-attempt mean and maximum results. The lowest
correlation was .90 (p < .01) for both maximum and mean scores in EXT. FLX produced mean
correlations of .99 (p < .01) and a maximal score correlation of .98. (p < .01) LLF and RLF
score for both mean and maximum score comparisons were .99 (p < .01).

3.2 Normative Study

3.2.1 The Weight Effect

The MANCOVA comparison indicated that a significant difference existed when considering
WD jointly against the 4 dependent variables, Wilks λ = .56, F (36, 331.51) = 1.62, p = .02,
partial η2 = .14. Separate consideration of each dependent variable relative to WD provided
significant differences for FLX only, F (9, 20.95) = 2.39, p = .21.

The post hoc pairwise comparisons in FLX highlight that the flyweight groups was
significantly different against all other WD (p < .05), except for bantamweights. However,
bantamweights were significantly different to welterweight (p = .04) and heavyweights (p =
.4). Finally, light heavyweights were significantly different to welterweights (p = .03) and
heavyweights (p = .03). Mean allometriclly scaled test data per WD is illustrated in Figure 3.
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The Pearson’s r correlation of allometric scaled isometric neck strength to body mass indicates
a weak negative relationship existing in FLX (r = -.20, p = .05), LLF (r = -.20, p = .05) and
RLF (r = -.24, p = .01). No significant correlation existed for EXT (p = .17).

The Pearson’s r correlation of absolute isometric neck strength to body mass indicates a
moderate, positive relationship existing in FLX (r = .28, p < .01), EXT (r = .33, p < .01), LLF
(r = . 32, p < .01), and RLF (r = .28, p < .01). The size of the cohort in the correlations, would
suggest that these results are not due to random chance.

3.2.2 Training Age Effects

The MANCOVA analysis indicated no significant difference between TEG. (Wilks λ = .93, F
(4, 88) = 1.52, p = .21, partial η2 = .06). Figure 4, provides TEG mean force scores for each test
direction.

The Pearson’s r correlation of absolute isometric neck strength to training experience age
indicates a moderate, positive relationship existing in FLX (r = .22, p = .03), EXT (r = .26, p
= .01), LLF (r = .29, p < .01), and RLF (r = .28, p = .01). The size of the cohort would suggest
that these results are not due to random chance.
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3.2.3 Fighting Stance

A significant difference exists between the two fighting stances. The MANOVA calculated the
existence of a significant difference (Wilks λ = .74, F (4, 97) = 8.63, p < .01, partial η2 = .26).
The only significant interaction effect was noted in LLF, where means were recorded as 228.7
N (SD = 53.9) for orthodox fighters and 199.2 N (SD = 54.4) for southpaws (figure 5).
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3.2.4 Symmetry Observation

The overall mean ratios for the 102 participants were .86 (SD = .20) for FLX : EXT, 1.04 (SD
=.13) for LLF : RLF. LLF : EXT ratio was .93 (SD = .16) and RLF : EXT was .91 (SD = .19).
These trends were similar across all TEG and the majority of the WD categories. Only light
flyweights differed, scoring 1.02 (SD = .23), 1.03 (SD = .38), 1.27 (SD = .25) and 1.28 (SD =
.23) respectively for each ratio. Additionally, the LLF : RLF ratio for light-weights was .98
(SD = .11) and super heavyweights was 1.11 (SD = .11).
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Further ratio analysis, with specific regard to preferred fighting stance (Table 2). The ratio
scores of the two groups were similar to the overall mean, except where southpaws differed in
LLF : RLF (.90, SD = .08) and RLF : EXT (1.04, SD = .22).

TABLE 2. Left lateral to right lateral flexion ratio, in relation to the boxer’s preferred fighting stance.
(Fighting stance numbers and percentage breakdown of the 102 participants indicated).
FLX : EXT

LLF : RLF

LLF : EXT

RLF : EXT

n

Mean

SD

Mean

SD

Mean

SD

Mean

SD

Orthodox

84

.86

.20

1.07

.12

.94

.17

.89

.17

Southpaw

18

.87

.19

.90

.08

.93

.16

1.04

.22

Overall

102

.86

.20

1.04

.13

.93

.16

.91

.19
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4.0 DISCUSSION

The MANCOVA indicates the existence of significant differences between WD, but only in
FLX. Therefore, the weight effect null hypothesis is rejected. No significant differences were
noted between TEG, therefore, the author fails to reject the training effect null hypothesis.
Finally, statistical differences were noted between orthodox and southpaw boxers, hence, the
fighting stance null hypothesis is rejected.

4.1 Reliability Study

Maximum and mean ICC results from previous isometric neck strength reliability studies,
range between .80, classified as good (26) to .99, classified as excellent (10,26,32,33,34). The
ICC mean and maximum correlations of this current study matched favourable within this
range. The restriction of movement of the participant during testing, both by strapping the
volunteer to the equipment frame and limiting neck tilt and rotation during the test, possibly
contributes to the high correlation scores. The results provide confidence in the reliability of
the testing equipment and procedure used on the amateur boxers.

4.2 Normative Data

4.2.1 The Weight Effect

No apparent research exists on the neck strength of amateur boxers. Therefore, the formation
of a normative isometric neck strength database, was intended to provide a profile of neck
strength for the sport. The weight effect investigated the relationship of the mean isometric
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neck strength within and between WD when adjusted allometriclly. This was considered
important due to the correlation between greater punching forces associated with heavier
boxers (31). Statistical significant differences did exist between the 10 WD, but only in FLX.
The post hoc analysis highlighted that the light flyweight division differed significantly to all
other WD, except flyweight. Additionally, bantamweight and light heavyweights significantly
differed with both welter and heavyweights. Clarity of what is significantly different, between
and within adjusted WD’s, is illustrated in Figure 3.

The variance in SD for the light fly-weight division in EXT an LLF, and for the flyweight
division in FLX is noticeable. Considering both weight categories only had two volunteers
each, is should be appreciated that such a small cohort would not reflect a true representation
of the each WD, and therefore, questions the use of this data for a normative database.
Nevertheless, the differences between the other WD, in FLX, indicates that both the
bantamweight and light heavyweights categories produce greater mean test scores than all other
groups, but only significantly greater than the welter and heavyweight categories. The mean
score of the last two groups was lower than all other WD.

The general trend of the mean measurements of each WD, per test direction, indicates that the
adjusted neck strength of the boxers decreases with an increase in weight class. This pattern is
also noted in the allometriclly scaled neck strength to body mass correlation, which identifies
a significant weak, negative trend in FLX, LLF and RLF. This would suggest that as the boxers
get heavier, their normalised neck strength decreases. The size of the cohort used for the
correlation would indicate that the significant results are not due to random chance.
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Considering a 50.0 kg difference existed between the mean body mass of light flyweight and
super heavyweight fighters of this study, the correlation result could be deemed as
disconcerting, especially for the heavier boxers. This is because greater punch power was
correlated (r = .54, p = .02) with an increase in body mass (31). Based on the current isometric
neck strength literature, this current studies correlation was unexpected. A strong correlation
(.46 to .54, p < .01) for normalised strength to index of body mass correlation (10) was recorded
on healthy public test populations of varying sex. Although this current study used an
allometric scale to normalise neck strength, a relevant point was raised in the latter article. It
alluded to the expectation of athletes producing a stronger body mass to neck strength
correlation, than the non-athletes used within its study (10). Such a correlation was noted in a
rugby union cohort investigation that highlighted significant differences between the neck
strength tests scores of the heavier forwards (p < .05) compared to lighter backline players (14).

Comparing the normalised strength correlation results against an absolute strength correlation
demonstrates the importance of the impact of body mass within this boxing study. The
conclusions oppose one another as the absolute association indicates a significantly moderate,
positive association of neck strength to body mass, thus suggesting that absolute isometric neck
strength increases with greater body mass. This relationship was expected, and is similar to
other athletic cohort studies (25,29). The influencing effect of body mass is further highlighted
when attempting inter-literature comparisons with absolute scores. The highest mean test score,
across the WD, for each test direction was recorded by the flyweight category in FLX and by
heavyweights in the other three test directions. These scores compare favourably with
physically active adults (28) and pre-intervention scores for recreationally active adolescent
males (9). Unfortunately, the boxing scores differed to the other contact sports of wrestling
(33) and rugby union (11,14,25), where the boxer’s isometric cervical strength measurements
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range from 36% to 86% of the recorded results of the other studies. Considering the punch
force, of super heavyweight boxers, can exceed 4700 N (31), only having a neck strength that
corresponds to physically active adults, may be considered as underprepared. However,
practitioners should be cautious when directly comparing neck strength literature, as a lack of
standardisation exists between isometric neck strength testing protocols (12,27). For example,
the difference in EXT, between two professional rugby union studies, was 511.9 N (4,11). This
difference was potentially due to testing equipment and participant positioning. The first article
used a fixed tension load-cell for participants to pull against, whilst lying down, strapped to a
bench (4). The second study used a hand-held dynamometer to pull against the head of the
participant whilst seated (11). Both instruments were declared as valid within each study.
Therefore, to compare between studies, one should view beyond the test results and consider
test protocol similarities.

One professional rugby study did follow similar testing protocols to this current boxing study
(25). A result comparison indicates that the boxer’s neck strength was between 65% and 86%
of the rugby players, across the four test directions. However, the average weight of the rugby
players was 102 kg and the boxers 73.6 kg, thus highlighting the issues of comparing absolute
strength scores across various studies, and justifying the need for body weight adjusted strength
scores. Despite this, the comparison did introduce two new consideration factors: First, this is
a comparison between professional and amateur sports; secondly, the rugby players had just
completed a specific neck strengthening intervention. This latter factor may be an influencing
issue that could impact within the individual WD results of the boxers. It was possible that
some boxers, within this study, were on an existing neck strengthening programme. The
fighting abilities of the volunteers, in this study, ranged from inter-club boxers to individuals
on specific IABA elite programmes. This current research did not distinguish between the
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standard of the fighters, or question boxers about specific neck strengthening programmes.
Individuals on an effective neck strengthening programme may skew the results towards the
upper limits of a group mean, as structured training programmes can make such individuals
more homogeneous (1). Future research, on the neck strength differences between fighting
abilities, and identification of individuals on specific neck strength programmes, is suggested,
to rectify this limitation.

Although the MANCOVA only highlighted that significant difference existed in FLX, one
should also be aware that Figure 3(b, EXT) could be potentially indicating conflicting results
to the MANCOVA. The position of the light flyweight mean and the SD, relative the other
weight categories, may indicate that a significant difference could exist in EXT. The author is
unsure whether the difference between the graph and statistical calculation is a consequence of
the participant numbers in the two lightest weight divisions, or whether it is a result of the large
number of variables being analysed within the MANCOVA creating a statistical error. As such,
further statistical investigation is recommended to simplify the calculation.

4.2.2 Training Age Effect

It was previously highlighted that the neck strength of sports athletes can improve, as a
consequence of technical training experience, albeit due to their seniority (33), playing position
(11,20), or maturation (7,16). Understanding such differences, between the boxing TEG, may
highlight whether an impact, from a greater accumulation of training experience exists. The
training age effect compared the isometric neck strength differences between the boxers when
categorised in TEG. Although the absolute isometric neck strength to training age correlation
indicated an increase in isometric neck strength with advanced boxing experience, the

32

allometriclly scaled MANCOVA comparisons indicated that no significant differences existed
between the 3 TEG (figure 4). The correlation result and mean TEG scores do concur with one
another, highlighting, that the least experienced group only produced between 85% to 91% of
the isometric neck force delivered by the most experienced boxers, and 88% to 92% of the
force produced by the middle group, across the four dependent variables.

It is unlikely that maturation has impacted on the neck strength of boxers. This is despite 35.7%
of the 10+y group participants being 22 years old or younger, meaning that they were 12 years
old or less when they started boxing. It is accepted that greater cervical force is generated with
advancements in maturity (21) where EXT strength can increase by 36% between the ages of
14 and 18 (15). However, 60.0% of the 5-9y and 79% of the 0-4y groups were also 22 years
old or younger. This means that the greater number of mature boxers (64.3%) were within the
10+y group. However, considering the non-significant difference that exists between the 3
TEG, it appears that the necks of the 10+y group did not gain any strength advantage by going
through the maturation process whilst boxing.

The impact of isometric neck strength from the technical training of boxing is also unknown.
In other contact sport the neck strength to sport relationship is perhaps more obvious. For
example, wrestling has specialist exercises that require pushing and pulling on the head that is
believed to impact on neck strength (33), or in rugby union where playing position can
influence neck strength, where forwards have been noted to have a reduced FLX to EXT ratio
critical for the scrummaging stability (20). The impact of a different fighting position on neck
strength is discussed in the symmetry observation section. However, in relation to training age,
the results do not suggest that the training age and experience of the boxers in this study provide
any cervical strength advantage.
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4.2.3 Symmetry Observations

Providing a more effective and symmetrical neck balance may reduce the potential for cervical
injury (5,13). The mean FLX : EXT ratio across all amateur boxing WD was .86. This result
highlights the better mechanical advantage that the neck extensor muscles have over flexors,
both in producing a greater maximal moment (29), and having the larger cross-sectional area
that is essential for postural stability (26). The WD mean ratio compares favourably with the
.55 to .75 ratio range produced in professional rugby union studies (11,14,25). Although this
does not highlight stronger neck FLX, it may, however, indicate the higher FLX contribution
required for boxing. Unfortunately, there is a dearth of biomechanical research on the impact
reactions of a boxers head from a punch, but studies on heading an association football has
indicated that a FLX : EXT balance provides for more efficient head acceleration control,
essential for injury reduction (5). Athletes with weaker necks and greater strength imbalances
are less efficient at mitigating the head accelerations created from heading a football (13).
However, it must be understood that heading a football is a deliberate action unlike receiving
a punch in boxing. Nevertheless, the boxers could have developed greater FLX control from
involvement in the sport. Interestingly the ratio scores of the 5-9y TEG was .81, whereas the
10+y group was .87. This difference was similar to a trend noted between senior and junior
elite wrestlers (33). That trend drew the conclusion that the more efficient FLX : EXT ratio, of
the senior wrestlers, was gained from the specific contribution of the sport developing FLX
strength (33). However, it must be stressed that there is no statistically significant difference in
either FLX or EXT between any of the three TEG groups.

The mean lateral flexion to EXT ratios across the 10 WD and the 3 TEG provided reasonable
symmetry. These ratios indicate that on average the boxers are stronger in EXT than in FLX,
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or either lateral flexion. The results were expected considering the co-activation of bi-lateral
muscles are required in forced EXT (4). Direct comparison of bilateral flexion provided a
reasonable symmetry between all WD. The LLF : RLF ratio was 1.04. Thus suggesting that
LLF was slightly stronger than the right side. Initially this did not appear unusual. However,
nine of the 10 WD and all 3 TEG, did indicate a stronger left side of neck where one of these
categories, super heavyweight, provided an unexpected high ratio of 1.11. The reason for this
imbalance of ratio was that 64.7%, of the boxers provided measurements suggesting they were
stronger on the left side. Therefore it was plausible that boxing naturally creates a lateral
cervical flexion strength imbalance.

4.2.4 Fighting Stance

The only significant difference discovered between the neck strength measurements of the two
fighting stance groups was in LLF. The mean bi-lateral ratio, for the 84 orthodox boxers, was
1.07, indicting a stronger left side of neck. The mean ratio for the 18 southpaw fighters was
.90, indicating a stronger right side of the neck. The LLF : RLF ratios, within each fighting
stance may suggest that a unilateral neck strength improvement is being inadvertently
developed as a bi-product of a preferred fighting stance. Whether this is enhanced from an
eccentric control when absorbing an impact blow to the head, or from defence techniques,
where anticipation and bracing for impact is creating a unilateral neck muscular activation, or
even development from a kinetic chain transfer, through frequent jab-punching with the less
dominant hand, is unknown. Therefore it is proposed that further is investigation is required to
establish causation. A second interesting ratio trend existed for southpaws and the RLF : EXT
score (1.04), that could suggest on average, the group is stronger in RLF than in EXT. This
relationship was non-existent for orthodox boxers in relation to their LLF : EXT ratio (.93). A
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possible causation for the difference between the respective fighting stance’s lateral to EXT
ratio strength difference could be the strength of the orthodox boxers in EXT. Although not
directly cross-calculated, figure 5 does suggest that a potential significant difference exists
between the orthodox EXT strength score and LLF strength score. This is not the case for the
southpaw EXT and RLF scores. Although the difference between the two stances in EXT was
not significant, the mean difference between the two groups (31.12 N) was large enough to
impact on the EXT to lateral flexion ratio results. What this means for the boxers is unknown
as further analysis is required to discover the significance of the lateral flexion to EXT
measurements. However, until further research resolves this issue, it could be prudent to attain
a balanced neck symmetry as outlined in association football heading studies (5,13) to
contribute to the control of impact induced head acceleration, and, from a practical
understanding, to prepare the boxers for punches to either side of the head.

This study attempted to establish whether body mass, training age and fighting stance had an
influence on the isometric neck strength symmetry of male amateur boxers. The normalised
weight effect highlighted that significant differences existed in FLX between the WD. The
normalised isometric neck strength correlation did indicate that neck strength marginally
decreased with an increase in body mass, certainly in relation to FLX, and lateral flexion.
However, it did not establish the contribution that body mass has on the development of neck
strength. The reason for this not fully understood, and may require further research. The use of
this data as a normalised database can be questioned. This is because of the difference between
WD cohorts numbers may negatively impact on the overall test results.

Although the training effect did not show any significant differences between the 3 TEG, the
symmetry observation suggested that boxers appear to have a more balanced FLX : EXT ratio
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than indicated in previous studies on other test populations. It remains unclear if the more
efficient FLX : EXT balance highlighted in this study is a direct adaptation from boxing, or is
a result created from a variance of test procedure when compared to others studies. Either way,
the lack of significant difference between the three TEG groups would suggest that possessing
greater boxing experience does not provide an advantage to greater neck strength.

The fighting stance comparison highlighted significant differences existing between groups in
LLF. Ratios results indicate that orthodox boxers are stronger in LLF and southpaw boxers are
stronger in RLF. Reasons for the difference require further investigation, but considering head
accelerations are more efficiently controlled by stiffer and balanced neck strength (28), the
deliberate enhancement of this imbalance neck strength would be unadvisable.
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5.0 PRACTICAL APPLICATION

Due to the lack of information surrounding the neck strength of amateur boxers, an intention
of this study was to provide a normative database for comparison between WD. The author
does recommend the use of an allometric scale to normalise strength to body mass to allow for
easier comparisons between isometric neck strength researches, but also stresses that the
underlying standardisation issues when collecting the initial data will naturally impact on
adjusted results. Additionally, any such comparisons should be viewed with an understanding
of the test protocol standardisation differences that exist.

This study did use ratios as a means for comparison between studies, but this was for symmetry
purposes only. The author would still encourage and support the measuring and monitoring of
neck strength in various directions for boxers, especially in light of the lateral flexion and
fighting stance trends. Although this study highlighted that boxing involvement appears to
influence strength in FLX, and more specifically, lateral flexion, the causation of this is not
fully understood. Further research is required into the biomechanics of the head and neck of
boxers prior to, during and after punch impact. This may provide better understanding for
athlete programming recommendations especially in relation to a choice between lateral flexion
symmetry or a deliberate asymmetry. If the lateral flexion imbalance noticed in this study is a
result of an eccentric control of a punch then a deliberate asymmetric neck strengthening
programme could be recommended. However, until this is proven, it may be prudent for the
strength and conditioning practitioner to focus on enhancing the FLX and bi-lateral strength of
their boxer, whilst striving to simultaneously develop symmetry. This is because the
maintenance of neck symmetry may reduce the potential for neck injury (5,13), and improved
neck strength may attenuate the dynamic reaction of the head from imposed forces (7).
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Appendix B – Participant Recruitment
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B.3. Participant Consent Form
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Appendix C – Information and Data Collection

C.1. Physical Activity Readiness Questionnaire (PAR-Q) Form
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C.2. Test Data Collection Sheet
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TABLE 4. Reliability Study Data of 10 Participants: Test 2. Age (yrs) height (m) and body mass (kg) data was recorded with three maximal
isometric neck strength attempts in flexion (F1, F2, F3), extension (E1, E2, E3), left lateral flexion (LLF1, LLF2, LLF3) and right lateral flexion
(RLF1, RLF2, RLF3). Maximum score from each neck strength test direction was recorded (Fmax, Emax, Lmax, Rmax) for flexion, extension, left
and right lateral flexion respectively. Mean score of the three attempts from each direction was calculated (Fmean, Emean, Lmean and Rmean).

TABLE 3. Reliability Study Data of 10 Participants: Test 1. Age (yrs) height (m) and body mass (kg) data was recorded with three maximal
isometric neck strength attempts in flexion (F1, F2, F3), extension (E1, E2, E3), left lateral flexion (LLF1, LLF2, LLF3) and right lateral flexion
(RLF1, RLF2, RLF3). Maximum score from each neck strength test direction was recorded (Fmax, Emax, Lmax, Rmax) for flexion, extension, left
and right lateral flexion respectively. Mean score of the three attempts from each direction was calculated (Fmean, Emean, Lmean and Rmean).

Appendix D. Tabulated Data

D.1.Test 1 and Test 2 Reliability Study Data
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TABLE 5. Normative Study Data of 102 Participants (Nos. 1 to 53): Age (yrs) height (m), body mass (kg), training experience (yrs), categorised fighting stance
and categorised fighting weight d data are recorded. Three maximal isometric neck strength attempts in flexion (F1, F2, F3), extension (E1, E2, E3), left lateral
flexion (LLF1, LLF2, LLF3) and right lateral flexion (RLF1, RLF2, RLF3) provided information to calculate mean absolute scores (N) (FmeanAb, EmeanAb,
LmeanAb, RmeanAb) and allometric scaled (N/kg0.67) (FmeanAl, EmeanAl, LmeanAl, RmeanAl) for flexion, extension, left and right lateral flexion respectively.

D.2. Normative Study Data
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TABLE 6. Normative Study Data of 102 Participants (Nos. 54 to 102): Age (yrs) height (m), body mass (kg), training experience (yrs), categorised fighting stance and categorised fighting weight
division (see table X) data are recorded. Three maximal isometric neck strength attempts in flexion (F1, F2, F3), extension (E1, E2, E3), left lateral flexion (LLF1, LLF2, LLF3) and right lateral
flexion (RLF1, RLF2, RLF3) provided information to calculate mean absolute scores (N) (FmeanAb, EmeanAb, LmeanAb, RmeanAb) and allometric scaled (N/kg0.67) (FmeanAl, EmeanAl,
LmeanAl, RmeanAl) for flexion, extension, left and right lateral flexion respectively.

Appendix E –Additional Relevant Statistical Tables
E.1. Reliability Study: Test 1 to Test 2 Intraclass Correlation Coefficient (ICC) Results
E.1.1. Mean Isometric Neck Flexion ICC
TABLE 7. Reliability study ICC between mean FLX score of test 1 to test 2

E.1.2. Mean Isometric Neck Extension ICC
TABLE 8. Reliability study ICC between mean EXT score of test 1 to test 2
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E.1.3. Mean Isometric Neck Left Lateral Flexion ICC
TABLE 9. Reliability study ICC between mean LLF score of test 1 to test 2

E.1.4 Mean Isometric Neck Right Lateral Flexion ICC
TABLE 10. Reliability study ICC between mean RLF score of test 1 to test 2
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E.1.5. Maximum Isometric Neck Flexion ICC
TABLE 11. Reliability study ICC between maximum FLX score of test 1 to test 2

E.1.6. Maximum Isometric Neck Extension ICC
TABLE 12. Reliability study ICC between maximum EXT score of test 1 to test 2
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E.1.7. Maximum Isometric Neck Left Lateral Flexion ICC
TABLE 13. Reliability study ICC between maximum LLF score of test 1 to test 2

E.1.8 Maximum Isometric Neck Right Lateral Flexion ICC
TABLE 14. Reliability study ICC between maximum RLF score of test 1 to test 2
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E.2. Correlation Tables
E.2.1. Normalised (Allometric Scale) Isometric Neck Strength to Body Mass and
Training Experience
TABLE 15. Allometric scaled isometric neck strength (N/kg0.67) correlation to body mass & training experience

E.2.2. Absolute Isometric Neck Strength to Body Mass
TABLE 16. Absolute isometric neck strength to body mass correlation
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E.2.3. Absolute Isometric Neck Strength to Training Age
TABLE 17. Absolute isometric neck strength to training age correlation
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