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Abstract.
BACKGROUND: Shoulder girdle stabilization influences hand strength but the effects of functional training remain unknown.
OBJECTIVE: To determine the influence of shoulder girdle stabilization on hand muscle strength.
METHODS: Handgrip strength (with hand in neutral position, supination, pronation) and tripod pinch strength were measured
in 20 healthy volunteers (10 in training/control groups) weekly over six weeks. The training consisted of six specific Dynamic
Neuromuscular Stabilization (DNS) exercises performed five times per week. The exercises were designed to obtain maximum
joint stability within the shoulder.
RESULTS: Using mixed effects models, the training group showed significant improvement relative to the control group on all
measures of hand muscle strength (p < 0.05). The gains were particularly pronounced in handgrip strength in the neutral position
(dominant hand: Estimate = 0.26, standard error [SE] = 0.04, p < 0.001; non-dominant hand: Estimate = 0.23, SE = 0.03,
p < 0.001). That is, the training group gained about 0.25 standard deviations over the control group per session for a total of 1.5
standard deviations (about 27 Newtons) across all sessions.
CONCLUSIONS: Shoulder girdle exercises based on DNS may generate clinically significant gains in hand muscle strength.

Keywords: Upper extremity, hand-held dynamometry, functional stabilization, Dynamic Neuromuscular Stabilization, rehabili-
tation

1. Introduction

Handgrip strength depends on the synergistic coor-
dination between finger and wrist flexors and exten-
sors. It is an important component in the proper exe-
cution of daily living activities as well as in various
sports movements. Hand strength training is one of
the most important activities used to treat pathological
conditions such as neurological conditions after stroke,
spinal cord injury, multiple sclerosis, myopathy, pe-
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ripheral nerve injury etc., as well as in many orthope-
dic conditions (upper extremities fractures and/or soft
tissue damage, joint dysfunction, burn injury etc.), but
also while trying to improve daily or athletic perfor-
mance.

Many studies have emphasized the critical influ-
ence of elbow or shoulder position on hand mus-
cle strength [1–7]. For example, Alexander et al. [8]
demonstrated that coordinated control of the shoul-
der girdle muscles is necessary to properly position
the hand for delicate manipulation. However, to the
best of our knowledge, only one study to date as-
sessed the effectiveness of shoulder girdle stabilization
on hand muscle strength [9]. Specifically, Thomas et
al. [9] used only general resistance training of upper
extremities and still found significant gains in hand-
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grip strength after eight weeks of intervention. More
research is needed to improve the understanding of the
efficacy of training to improve shoulder girdle stability
on hand muscle strength. This is particularly so given
the critical role of shoulder girdle function for hand
muscle strength in individuals with and without hand
muscle strength problems.

We built on this research by examining the effects
of an exercise promoting maximum joint stability (i.e.,
fully functionally centrated exercise) on hand muscle
strength in the pronated, neutral and supine position,
and tripod pinch strength. The intervention was based
on the proximal Dynamic Neuromuscular Stabiliza-
tion (DNS) exercise paradigm [10–12], which includes
a comprehensive stabilization of all elements of the
trunk. Trunk and shoulder girdle stabilization is an im-
portant factor in the overall function of upper body
musculature, presumably including the hand muscles.
We hypothesized that a 6-week intervention with an
exercise program designed to stabilize the shoulder
girdle would have significant effects on hand muscle
strength.

2. Methods

2.1. Participants

A total of 20 healthy volunteers, all female students
from the Physiotherapy Program at the 2nd Medical
Faculty, University Hospital Motol, Prague, Czech Re-
public, between 18 and 26 years of age, participated
in the study. Eighteen individuals were right handed,
two were left handed. The first 10 participants were
assigned to the training group. An additional 10 par-
ticipants were recruited to form the control group.
General characteristics of each group are given in Ta-
ble 1. Exclusion criteria were injury, pain or any symp-
tomatic neurologic, orthopedic or musculoskeletal dys-
function, and any sport activity performed on a com-
petitive level or more frequently than twice a week.
During the study participants were allowed to per-
form non-strenuous recreational sports activity twice
a week. Written informed consent was obtained from
all participants. The study was approved by the ethics
committee at 2nd Medical Faculty, University Hospital
Motol, Prague, Czech Republic.

2.2. Assessments

Using the CITEC digital dynamometer (Citec, C.I.T.
Technics, Haren, The Netherlands) we assessed max-

imal isometric handgrip strength following the stan-
dardized testing procedure [13]. Tripod pinch strength
was also assessed. During the testing, the participant
was seated on an adjustable chair without armrests
(Fig. 1A). The participant’s posture was adjusted to
maintain an upright spine with the head in neutral po-
sition and eyesight orientation in a horizontal plane,
shoulders relaxed. In order to place the pelvis in a
neutral position, the participant was directed to bear
weight on her ischial tuberosities. The hips were po-
sitioned at 90 degrees of flexion and slight abduction,
with both feet supported on the ground. The tested arm
was adducted along the trunk with 90-degree elbow
flexion. To test handgrip strength, three forearm posi-
tions were utilized: 1) pronation; 2) neutral position;
and 3) supination.

When measuring tripod pinch strength, the forearm
was kept in the neutral position. The other arm was re-
laxed along the trunk (Fig. 1B). Participants received
instruction to maintain the testing posture during the
whole process of measurement and were familiarized
with the dynamometer. The test was performed three
times on each hand for each testing position: handgrip
with the forearm in neutral position, pronation, supina-
tion and then tripod pinch first on the dominant, second
on the non-dominant hand. The participant was con-
tinually verbally encouraged by the test administrator
to develop maximum isometric grip (pinch) strength.
Maximum force (in Newtons) was automatically dis-
played by the dynamometer after five seconds of iso-
metric grip (pinch). Only the test administrator was
able to read the values, the participant was not made
aware of the values achieved. There was approximately
a 45-second rest interval between each trial. In accor-
dance with Mathiowetz et al. [13] the mean of the three
trials was used for statistical analysis. To reduce mea-
surement error, only trials that were within 10% of one
another were averaged.

Testing was performed between 12 and 6 p.m. once
a week with a seven-day interval between measure-
ments. A total of seven measurements were obtained
from each participant. The first measurement was
taken before introducing the training program to the
training group. Then subsequent measurements were
taken each week with the last measurement occurring
after six weeks.

2.3. Intervention

DNS represents a new rehabilitation strategy based
on the principles of developmental kinesiology and
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Table 1
Descriptive characteristics of the sample at baseline assessment

Training group Control group
Variable Mean SD Min Max Mean SD Min Max p-valuea

Age (years) 23.3 2.0 18.0 25.0 24.3 1.1 23.0 26.0 0.180
Height (m) 1.70 0.6 1.62 1.80 1.70 0.5 1.64 1.77 0.648
Weight (kg) 63.2 7.5 56.0 80.0 59.4 3.5 54.0 67.0 < 0.001
Body mass index (kg/m2) 21.8 1.2 20.6 24.7 20.5 0.9 19.3 22.0 0.010
Hand muscle strength (in Newtons)
Tripod pinch DH 82.5 11.3 69.0 99.0 80.6 6.3 70.0 87.0 0.648
Tripod pinch NDH 80.2 10.9 66.0 96.0 77.6 5.9 71.0 87.0 0.517
Handgrip overall DH 205.6 13.1 187.3 228.7 220.7 8.4 209.3 234.0 0.007
Handgrip overall NDH 199.0 14.6 180.0 221.3 207.9 11.5 190.0 228.7 0.148
Handgrip pronation DH 199.8 13.1 180.0 226.0 207.4 8.8 190.0 222.0 0.147
Handgrip pronation NDH 197.4 13.3 178.0 218.0 194.2 13.8 178.0 218.0 0.605
Handgrip neutral DH 206.0 13.4 188.0 232.0 231.8 8.3 220.0 242.0 < 0.001∗
Handgrip neutral NDH 199.8 12.7 182.0 224.0 216.4 13.3 196.0 240.0 0.010
Handgrip supine DH 211.0 15.6 190.0 230.0 223.0 13.8 198.0 240.0 0.086
Handgrip supine NDH 199.8 20.0 180.0 228.0 213.0 14.8 196.0 236.0 0.111

Notes. DH = dominant hand; NDH = non-dominant hand. ap-values are based on independent samples t-test statistics; ∗Statistically significant
after Holm-Bonferroni correction for multiple comparisons.

A B

Fig. 1. (A) Handgrip strength testing position; (B) Tripod pinch strength testing position.

the neurophysiological aspects of a maturing postural-
locomotor system. The DNS approach compares the
individual’s stabilizing pattern with the stabilization
developmental pattern of a healthy infant [10,11].
The treatment approach emphasizes training of natu-
ral postural-locomotion patterns as defined by develop-
mental kinesiology. The brain must be properly stim-
ulated and trained to automatically activate optimal
movement patterns that are necessary for co-activation
of the stabilizers. This can be achieved by the activa-
tion of the stabilizers when placing the patient in de-

velopmental positions, as done in this study.
The training group performed a home-based train-

ing program five times a week for six weeks. Each
training session consisted of six exercises performed
in the following order: 1) prone static; 2) quadruped
static; 3) quadruped dynamic rock forward; 4) bear po-
sition; 5) side-sitting with dominant arm support; and
6) side-sitting with non-dominant arm support. Over-
all, one exercise session took up to 25–30 minutes to
complete, including 1-2 minutes of rest between each
position. The following 4 positions were used in the ex-
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Fig. 2. Exercise in a prone position corresponding to a natural prone
position of an infant at 3 months of developmental age. Initial po-
sition: Prone, elbow support, approximately 125- to 135-degree an-
gle between the trunk and the arm. Zones of support: Medial epi-
condyles of bilateral elbows, bilateral anterior superior iliac spines
and pubic symphysis. Instructions: Focus on elbow support, spine
elongation, pulling down the shoulder blades, chin tuck, hold the po-
sition as long as you are not fatigue and your shoulder blades adhere
to the ribcage.

Fig. 3. Exercise in a quadruped position corresponding to a natu-
ral quadruped position of an infant at 9 months of developmental
age. Initial position: The patient is in a quadruped position using
hands and knees for support. The shoulder girdles are positioned
over the well-supported hands. The hip joints are in slight external
rotation, positioned above the supported knees, while the shins and
feet converge. The entire spine and the trunk are upright. Zones of
support: proportional support and weight bearing throughout the en-
tire palms (weight distribution must be proportional on all metacar-
pophalangeal joints – i.e. equally on the thenar and hypothenar ar-
eas). Instructions: Focusing on support and weight bearing through
the palms, elongating the spine, tucking the chin. Slowly, shift your
head and trunk forward and stay in this position for approximately
5 seconds, then return to initial position. Do only as many repeti-
tions as you can perform while maintaining the proper stereotype
with correct shoulder girdle and hand stabilization.

ercise program: 1) prone position (Fig. 2) for the prone
static exercise; 2) quadruped position (Fig. 3) for the
quadruped static and quadruped dynamic rock forward

Fig. 4. Exercise in side-sitting position corresponding to a natural
side-sitting position (rolling over phase) of an infant at 7 months of
developmental age. Initial position: Side-sitting, supporting elbow
is in line with the bottom greater trochanter, top leg in front of the
bottom leg or resting on the bottom leg, slight hip and knee flexion
on both legs. Zones of support: medial epicondyle of the bottom el-
bow, bottom greater trochanter. Instructions: Focus on support and
weight bearing through the medial epicondyle of the supporting el-
bow and bottom trochanter area, pull the bottom shoulder blade cau-
dally, elongate the spine, tucking the chin.

exercise; 3) side-sitting position (Fig. 4) for the side-
sitting with dominant and non-dominant arm support
exercise; and 4) “bear position” (Fig. 5) for the bear
position exercise. Prior to initiation of the program, the
participants were instructed by a Certified DNS Thera-
pist on how to set up correct exercise positions. When
instructing the participants, the correct “functionally
centrated” shoulder girdle position (i.e., position of the
maximum shoulder stability) and hand position were
emphasized [10,11]. Each participant had to be able to
feel and recognize functionally centrated (correct) ver-
sus decentrated (incorrect) position of the shoulder gir-
dle and hand, as well as be able to adjust the position
correctly. Then, for the actual exercise, the participant
was asked to hold the proper position isometrically as
long as possible. Once a fatigue occurred and decentra-
tion of hand, shoulder or scapula emerged (see Figs 2–
5 legends) the exercise in the position was terminated.

Depending on fatigue, an exercise in one posi-
tion took from approximately 30 to 120 seconds. The
prone, side-sitting and bear positions represented iso-
metric static exercises, while the quadruped position
was utilized both for isometric static as well as for
dynamic “rock forward” exercises (Fig. 3). This dy-
namic modification was also exercised only as long as
the proper stereotype with correct shoulder girdle and
hand stabilization was maintained.
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Fig. 5. Exercise in “bear” position corresponding to a natural posi-
tion (verticalization stereotype phase) of an infant at 12 months of
developmental age. Initial position: The patient is in a quadruped
position using hands and tip toes for support. The entire spine and
the trunk are elongated, shoulder blades adhere to the rib cage, chin
tucked, knees and ankles must not collapse inward. Zones of sup-
port: proportional support and weight bearing throughout the en-
tire palms (weight distribution must be proportional on all metacar-
pophalangeal joints – i.e. equally on the thenar and hypothenar ar-
eas) and tiptoes. Instructions: Focusing on support and weight bear-
ing through the palms, elongating the spine, tucking the chin. Hold
the position as long as you are not fatigued and your shoulder blades
adhere to the ribcage.

2.4. Statistical analysis

All measures of grip strength were normally dis-
tributed, with tolerable skewness and kurtosis. The out-
come measures were converted into z-scores before
main analysis in order to allow comparisons between
tripod pinch and handgrip performance, which were
measured on largely different scales. The intervention
and control groups were tested at different time points.
Although the same calibrated instrument was used,
there were some noticeable baseline group differences
unlikely to be attributable to differences in strength.
Therefore, the z-scores calculated separately for each
group were used.

There were no missing data in this dataset. We used
mixed effects models in SAS (SAS Institute, Cary, NC,
version 9) [14] procedure MIXED [15] to evaluate dif-
ferences in grip strength over time as a function of as-
signment to the intervention vs. control group. Mixed
effects modeling is an advanced statistical method to
account for repeated measures which build directly on
repeated measures analysis of variance [16]. The mod-
els estimate fixed effects of time (i.e., change in per-
formance over time), treatment (i.e., intervention vs.
control group performance), and a time-by-treatment

interaction (i.e., differences in performance over time
as a function of group). However, mixed effects mod-
els also include subject-level random effects that ac-
count for inter-individual differences in performance
which may affect change. They also offer great flex-
ibility with respect to the error variance structure, al-
lowing the model to adjust exceptionally well to the
actual structure of the data (creating a good model fit).
In the final models, we specified unstructured covari-
ance matrix to account for variance in scores over time
and the correlation across repeated measurements of
the same participant, hence allowing the scores to vary
freely. This model specification yielded the best model
fit. Since there were group differences in body mass
index (BMI), this variable was entered as a covariate.

To examine whether hand muscle strength changed
in a non-linear fashion over measurement occasions,
quadratic effects of time were examined in addition
to the conventional linear effects. The models with
quadratic terms for time added did not yield a superior
model fit over the linear models. Therefore, only mod-
els with time modeled in a linear fashion are shown.

A two-tailed 0.05 level of significance was used
throughout. Holm-Bonferroni correction [17] was used
to adjust the level of statistical significance for multiple
comparisons (or a bias towards type I error).

3. Results

Sample baseline characteristics are presented in Ta-
ble 1. Participants in the control and training groups
did not differ in age or in height and weight, but the
training group participants had significantly greater
BMI. Further, after Holm-Bonferroni correction was
applied, the control group was significantly stronger
than the intervention group in handgrip strength in the
neutral position with the dominant hand. All other dif-
ferences did not reach the corrected level of statisti-
cal significance. It is relevant to note that mixed ef-
fects models, by including within-subjects random ef-
fects, account for potential bias by baseline differences
to some extent.

The main results generated by the mixed effects
models are presented in Table 2, and Figs 6 and 7.
With regard to the tripod pinch strength using the dom-
inant hand, the performance did not change signifi-
cantly over the follow-up measurement when the en-
tire sample was considered (see the estimate for time).
In addition, there were no baseline differences on this
measure. However, there was a significant group-by-
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Table 2
Differences between training vs. control group participants in per-
formance on main outcome measures over time

Outcome Estimate SE p-value
Tripod pinch strength DH

Change across assessments 0.00 0.02 0.823
Baseline group differences 0.02 0.55 0.971
Change by group 0.11 0.03 < 0.001∗

Tripod pinch strength NDH
Change across assessments 0.01 0.02 0.617
Baseline group differences −0.06 0.54 0.919
Change by group 0.10 0.03 0.001∗

Handgrip strength DH
Change across assessments 0.03 0.02 0.132
Baseline group differences −0.45 0.55 0.423
Change by group 0.19 0.03 < 0.001∗

Handgrip strength NDH
Change across assessments −0.01 0.01 0.685
Baseline group differences 0.09 0.53 0.866
Change by group 0.16 0.02 < 0.001∗

Notes. Estimate = unstandardized regression coefficient; SE = stan-
dard error of measurement; DH = dominant hand; NDH = non-
dominant hand. ∗Statistically significant after Holm-Bonferroni cor-
rection for multiple comparisons.

time interaction indicating that the training group over-
all exhibited a significantly greater increase in tripod
pinch strength with the dominant hand when compared
to the change in performance in the control group.
Specifically, the training group showed performance
gains that exceeded the performance in the control
group by 0.11 standard deviation (SD) units with ev-
ery testing session. Therefore, over the study period,
the intervention group outgained the control group by
about 0.66 SD units (6 times 0.11). Arguably an im-
provement over 0.5 SD units can be considered a clin-
ically meaningful improvement. Practically, when we
pooled the SDs given for the two groups in Table 1
for tripod pinch, dominant hand, we obtained a SD of
about 9.0 Newtons. Therefore, the value of 0.66 SD
units represents an increase in strength in the training
group over the control group by about 6 Newtons over
the course of the study. The same pattern of results was
also observed for the non-dominant hand with a group-
by-time interaction effect of about the same magni-
tude. These results are presented graphically in Fig. 6.

With respect to handgrip strength (see Table 2 and
Fig. 7), any change in performance overall was again
non-significant. However, we again found a signifi-
cant group-by-time interaction indicating greater per-
formance gains in the intervention group at a rate of
0.19 SD units per testing session, hence indicating
an average performance gain with the intervention of
more than a full SD, which is represented by 13.25
Newtons based on pooled SD. This result was repli-
cated with the non-dominant hand, with the interven-

tion group outgaining the control group by an aver-
age of 0.16 SD units per session over the course of the
study.

Results for handgrip strength at individual positions
are shown in Table 3. The results point to (a) consis-
tent pattern across positions and (b) the greatest dif-
ference with respect to change in performance occur-
ring in the neutral position for both the dominant and
non-dominant hand. Specifically in the neutral posi-
tion, the gains reached about 1.5 SD over the course
of the study, which corresponds to a net difference of
about 26.7 Newtons based on a pooled SD of 17.1.

All interaction effects for change in strength by
group remained statistically significant after Holm-
Bonferroni correction was applied.

4. Discussion

We used a novel rehabilitation approach, the
DNS [10–12], to examine whether exercise promoting
optimal proximal shoulder girdle stabilization would
positively influence distal handgrip strength. Research
illustrates that shoulder and elbow angles have sig-
nificant effects on handgrip strength [1–6]. However,
not much attention has been given to the quality of
shoulder girdle stabilization in this context. Specifi-
cally, shoulder girdle stabilization is not defined by one
static position but by the quality of muscle coordina-
tion in all possible joint positions. The lack of proxi-
mal stabilization may limit the ability of the subject to
exert maximum effort [18]. In turn, this may limit hand
muscle strength [9]. Therefore, we set out to test the
effect of a fully “centrated” (i.e., promoting maximum
shoulder girdle stability) DNS-based exercise on hand
muscle strength.

Our results support the notion that this method
of shoulder girdle stabilization has significant effects
on proximal dynamic stabilization and distal segment
(hand) strength, particularly with the hand in the neu-
tral position. Significant increases identified in the
training group (relative to the control group) were con-
sistently in excess of 1 standard deviation over the
study’s six-week duration, which can be considered
highly clinically significant. In neutral position specif-
ically, the gains reached about 1.5 SD (or about 26.7
Newtons). The training group applied exercises in four
DNS-based developmental positions that we consid-
ered to be especially demanding on the quality of
shoulder girdle muscle coordination. The quality of
muscle coordination and shoulder blade stabilization
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Fig. 6. Graphical presentation of change over time in pinch grip strength for the intervention and control group participants using the dominant
hand (A) and non-dominant hand (B).

as well as hand centration (i.e. proportional loading
of all the palm and wrist sections) was stressed heav-
ily during the initial training session over the quan-
tity of repetitions or exercise endurance. The partici-
pants were specifically instructed to stop any exercise
as soon as insufficient stabilizing pattern (e.g. scapular
winging, shoulder protraction, elbow flexion or hyper-
extension, or hypothenar overloading) occurred. The
protocol was reviewed and corrections to the exercises

were made during weekly assessments, increasing the
likelihood of optimal stabilization in all four positions.
Future research should evaluate whether the same DNS
protocol could be applied to various sport populations
to determine whether improved shoulder girdle stabi-
lization and grip strength relates to better sport per-
formance and reduction of movement system painful
syndromes. Or if the proposed approach can lead to
improvements in individuals with grip strength issues,
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Fig. 7. Graphical presentation of change over time in overall handgrip strength for the intervention and control group participants using the
dominant hand (A) and non-dominant hand (B).

such as the elderly and/or those with arthritis, where
improved grip strength may be an important contrib-
utor to quality of life, functional ability, and indepen-
dence.

Stability (and instability) of the shoulder girdle is
ill-defined [19]. In a comprehensive review, Veeger
and van der Helm [19] discussed that hand move-
ment is dependent on three-dimensional mobility of
the shoulder complex, which in turn is dependent on

coordination of the trunk muscles. Pectoralis major
and latissimus dorsi directly transfer arm forces to the
thorax, serratus anterior and the rhomboids press the
scapula on the thorax, providing a stable base for the
humeral motions [19]. Scapular winging can be of var-
ious causative origins and presents with neuromuscu-
lar imbalance in the scapulothoracic stabilizer muscles.
This results in various painful syndromes in the neck,
shoulder girdle and upper back areas [20]. It is accom-
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Table 3
Differences between training vs. control group participants on individual measures of handgrip strength over time

Outcome Estimate SE p-value
Handgrip strength pronation DH

Change across assessments 0.04 0.02 0.103
Baseline group differences −0.16 0.57 0.777
Change by group 0.14 0.04 < 0.001∗

Handgrip strength pronation NDH
Change across assessments 0.00 0.03 0.908
Baseline group differences 0.29 0.51 0.567
Change by group 0.12 0.04 0.002∗

Handgrip strength neutral position DH
Change across assessments 0.00 0.03 0.985
Baseline group differences −0.23 0.55 0.670
Change by group 0.26 0.04 < 0.001∗

Handgrip strength neutral position NDH
Change across assessments −0.01 0.02 0.601
Baseline group differences 0.01 0.49 0.984
Change by group 0.23 0.03 < 0.001∗

Handgrip strength supine position DH
Change across assessments 0.02 0.02 0.309
Baseline group differences −0.67 0.49 0.170
Change by group 0.15 0.03 < 0.001∗

Handgrip strength supine position NDH
Change across assessments 0.00 0.01 0.746
Baseline group differences −0.05 0.52 0.931
Change by group 0.13 0.02 < 0.001∗

Notes. Estimate = unstandardized regression coefficient; SE = standard error of measurement; DH = dominant hand; NDH = non-dominant
hand. ∗Statistically significant after Holm-Bonferroni correction for multiple comparisons.

panied with considerable functional loss, especially in
forward elevation of the arm [19]. Here, we present
an exercise protocol focusing primarily on quality of
global, stabilizing pattern (optimal trunk stabilization
including shoulder girdle muscles coordination) as a
prerequisite of an optimal extremity movement pattern
that led to significantly increased hand strength. Fig-
ure 8, depicts the principle of differentiation between
optimal (Fig. 8A) and abnormal (Fig. 8B) pattern of
trunk stabilization in quadruped posture. Ideally, as
shown on Figure 8A both hands provide support while
maintaining functionally centrated position; i.e., the
thenar and hypothenar areas are equally loaded, fin-
gers are extended rather than hyperextended or flexed,
both hands are “grasping” the floor providing support.
Shoulder blades are in a neutral position, adhering to
the rib cage, medial borders nearly parallel to the spine.
The spine elongates, thoracolumbar junction is firm
and stable, and proportionate activation of the muscles
of the abdominal wall occurs.

Under pathological conditions (Fig. 8B), a decentra-
tion of the hands occurs. Usually, the hypothenar area
is bearing more weight while the thenar section loses
contact with the table. As a result, flexion at the elbow
occurs. Often, the scapula on the ipsilateral slide loses
its neutral position and is pulled cranially, while the
lower angle rotates externally and the medial border

protrudes. A collapse at the thoracolumbar junction is
often related to an anterior pelvic tilt. Similar compar-
isons can be used in functional postural assessment in
other positions (e.g. prone, side-sitting, bear position
used in this study).

According to Richards et al. [4] the strongest fore-
arm position for handgrip appears to be supination.
However, our results indicated the strongest effects of
DNS-based training occurred in the neutral position.
An important aspect to consider may be the testing
posture. Some authors use supine posture [21] while
the standardized testing posture is considered to be sit-
ting with shoulder adducted and neutrally rotated, with
elbow flexed to 90 degrees [13]. But even this “stan-
dardized” posture is not clearly defined. It describes
shoulder and elbow angles but not, for example, pelvic,
spinal and chest position. Trunk muscles provide fix-
ation for shoulder girdle muscles, which, in turn, al-
low for coordinated activity of forearm muscles, en-
suring elbow stabilization [22] that influences handgrip
strength. In this global kinetic chain, trunk muscle co-
ordination and trunk segments positions may play an
important role. In our study we used sitting position
with chest, spine and pelvis in a neutral position as
defined by the developmental models within the DNS
paradigm [10,11] (Fig. 1).
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A B

Fig. 8. Depicts the principle of differentiation between optimal (A) and abnormal (B) pattern of stabilization. (A:) Ideally, both hands provide
support while maintaining functionally centrated position; i.e., the thenar and hypothenar areas are equally loaded, fingers are “freely” extended
rather than hyperextended or flexed, both hands are “grasping” the floor providing support. Shoulder blades are in a neutral position, adhering to
the rib cage, medial borders nearly parallel to the spine. The spine elongates, thoracolumbar junction is firm and stable, proportionate activation
of the muscles of the abdominal wall occurs. (B:) Under pathological conditions, a decentration of the hands occurs. Usually, the hypothenar area
is weight bearing more while the thenar section loses contact with the table. As a result, flexion at the elbow occurs. Often, the scapula on the
ipsilateral slide loses its neutral position; it is pulled cranially, its lower angle rotating externally and the medial border protruding. A collapse at
the thoracolumbar junction is often related to an anterior pelvic tilt. The same principles apply to all positions used in this study.

Our results build on previous research suggesting
the importance of global stabilization stereotypes on
hand muscle strength. Dash [23] observed improve-
ment in handgrip strength after yoga training. Thomas
et al. [9] instructed 15 healthy subjects to perform
general resistance training for upper extremities three
times a week for eight weeks. Compared to the control
group, the training group showed significantly higher
handgrip strength after eight weeks of training, but
only for the right (dominant) hand.

Similar to our study, Thomas et al. [9] instructed
the participants to exercise in positions demanding
on shoulder stabilization (i.e. push-ups with hand and
forearm support and dips in the supine position with
hand support). However, Thomas et al. [9] did not put
emphasis specifically on the precise positing of the
shoulder, the scapula, or other supporting segments (el-

bows, hands) position, or on load distribution across
weight bearing segments.

The uniqueness of our study over previous research
lies mainly in a novel definition of functional joint cen-
tration and shoulder girdle muscle coordination from
a developmental perspective. In addition, we present
practical utilization of functional norms defined by
developmental postural-locomotion patterns and po-
sitions resulting from genetically determined central
nervous program [24]. Postural stability is a prerequi-
site for movement. It involves the entire musculoskele-
tal system, through an arrangement of regional inter-
dependence and precise coordination (feed-forward
mechanism) of muscles stabilizing a trunk. Therefore,
achieving optimal trunk stabilization should be the first
step when training optimal movement or strength.
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There are several limitations to this study. First, the
study was not blinded. Second, the control group par-
ticipants had overall lower body mass index than the
training group participants. However, this difference
was controlled by including BMI in all models as a
covariate. Third, the exercises were specifically cho-
sen not to train handgrip strength, but in two positions
(quadruped and bear position) the hands served as sup-
porting segments and therefore hand muscle strength
possibly also increased as a result of this loading. This
aspect is also discussed in a study by Thomas [9]. They
used both hands supported in two of three training po-
sitions and after the eight weeks of exercises identified
significant increase in hand strength but only on the
right (dominant) side. However, in this case, we would
like to emphasize the importance of proportional load-
ing of the palms when serving a supporting function
and the importance of inter-linked functional centra-
tion between hand, wrist, elbow and shoulder girdle
joints. Fourth, we used Citec dynamometer that was at
our disposal to measure hand strength. The more gen-
erally used Jamar hand held dynamometer would al-
low for better comparison between our data and estab-
lished norms [13], but this was not the primary goal of
the presented study. Finally, we used a relatively small
sample size in this pilot study. Larger, blinded exper-
iments that include both no-contact and active control
groups are necessary to ascertain the utility of DNS-
based shoulder exercises in this context. Still, even re-
sults with this small sample were robust enough to
remain significant after correction for multiple com-
parisons. Perhaps excluding positions requiring direct
hand support from the exercise protocol may be useful
to increase internal validity.

5. Conclusion

We found consistent gains in pinch grip strength and
handgrip strength over the course of the study, point-
ing to the utility of DNS in improving proximal shoul-
der girdle stability. This study provides evidence for
the critical importance of the quality of global trunk
stabilizing pattern on distal extremity movement and
strength.
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