


Hand position for assessing quality of cervical rotaton. A, Initial position
B, Therapist inttially follows the motion as the patient actively rotates the head and neck. Tf
there i1s a movement fault, the therapst gently guides the motion to provide precsion as tde
patient actively rotates the head.
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Figure 1.2 Schematic of the physiological systams that com-
prise the movement system and depiction of biomechanics as
an important interface. The relative wxdth of the arrows indi-
cates amount of contribution. The arrows in both directions
mdicate that not only do these systems produce movement but
that they are all ako affected by movement.
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Figure 13, The kinesioparhological model of the human movement systan depicting factors
leading to the development of movement system (MS) syndromes.




yrward bending with excesaive hip fiexion inds-
hzed joint hypermobility. The lack of passive
x hip extensor muscles contnbutes to the fadure to
mmbar curve during forward bending
alleviated because
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ain 1s f the unloading of the spine and the
n this position. |his condition makes
maimntainng good alignment and movement control difficult

f the trunk




(ienu varus and correction. A, Postural genu varus
of the left knee from hip medial rotation and knee hyparexten-
son. B, Correction of knee alignment by contracting hip lateral
rotator muscles
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Figure 1-6. Structural genus varus of left knee. Thisdegree of
varus and the enlargement of the knee i indicative of degenera-
tive pint disease.
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A, Normmally aligned knee. B, Hyperextended
knee. C, Hyperextended knee in the comrected position. The
bowing of the tibia and hbula in the knee that has been main-
tained in hyperextension for years is consistent with the dfects
on bone expressed in Wolff's bw. (From Kendall FP, McCreary
EK, Provance PG: Musdes: resting and function, ed 4, Philadel-
phia, 1993, I

ippincott Williams & Wikmns)
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A, Normdly aligned knee. B, Hypaextended
knee. € Hyperextended knee in the comrected position. In
addition to the bowmng of the tibia and fibula in the hyperex-
tended knee, a3 number of other factors could predspose thes
knee to injury. 1 he articular surface of the tiha 1s not horzon-
tal, the femur s f.vr'\.-fJ f the tibaa, stressing the crucuate liga-
ments, and the patella sets low, reflecting minimal uwse of
]J; lr eps. (From Kendall FP, McCreary EK, Provance PG
Mnsdes: testmg and fancron, ed 4, Philadelphia, 1993, Lippincott

Wilhams & Wilkins)



Figure 1-9. Ideal alignment. Optimal distribution of forces on
bones and joints and the length and balanced stiffness of muscles
and supporting structures. Also, with this type of alignment,
when the individual leans forward slightly, the posterior musckes
become active. When the individual leans backward, the ante-
rior musculature becomes active. Thus deal alignment aides
the balanced particpation of musculature. (From Kendall FP,
McCreary EK, Provance PG: Muscles: testing and function, ed 4,
Philadelphia, 1993, Lippincott Willlams & Wilkins)




I'wo vanations in the relationship of the trunk to
the line of gravity. A, In the forward-leanng mdividual with
the hne of grawty postenor to the trunk, the back extensor
muscles are active. B, In the hackward-kaning mdividual with
the line of gravity anteror to the trunk, the abdoiminal musches
are active. (From Kendall FP, McCreary EK, Provance PG:
Muwdes: testing and function, ed 4, Philadelphza, 1993, Lippincortt

Wilhiams & Wilkins.)




A right-handed construction worker with pain for 2 yearsin the left scapular area.
All diagnostic studies were negative. A, Abduction, anterior tilt, and internal rotation of the
left scapula. B, Shoulder flexion causes almost immediate scapular anterior tilt, abduction, and
internal rotation, causing the scapula to appear to wing. C, The patient has almost full range
of motion (ROM) of shoulder flexion without scapular winging, which is inconsstent with
severe weakness of the serratus anterior muscle. D, During the return from shoulder flexion,
the scapulaabducts, tilts anteriorly and internally rotates, the same faults evident duning flexion.



A, Two months later, third physical therapy visit. The scapula alignment is still
mmpaired, but the vertebral border is not as prominent and the humerus is not as abducted or
internally rotated, suggesting improvement in the scapular alignment. B, Duning shoulder

flexion, the scapubk no longer tlts anteror or internally rotates, thus not appearing to wing.
C, Shoulder Aexion range of motion is increased D, During the return from shoulder flexion,
the scapub is not tilting anteriorly or rotating internally, thus not appearing to wing.




Learned movement pattern and correction with instruction. A, Dunng sit-to-stand,
the patientdemonstrates her karned pattern of putting her knees together by hip adduction and

B internal rotation, as well asusing her hands as an additional support. B, Able to come to standing
B w hile keeping her hips and knees in correct alignment and withoutsupportfrom her hands.
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A, Patient’s hip joint angk i1s almost 90 degrees with hs knees flexed. B, With
passive knee extension to only 45 degrees, his pelvis tilts posteriorly, and hislumbar spine flexes.
The position of the pelvis and lambar spine indicates that the hamstring muscles are stiffer
than the supporting tissues of the lumbar spne. The alignment change occurred before the
end of the excursion of the hamstring musclks. €, When the hip joint angle is maintained at
90 degrees, the knee cannot be fully extended. The hamstring muscles are short.




A, The patient’s pelvis is tilted postenorly and his lumbar spine 1s flexed when

his knee is passively fully extended. The position of the pelwvis and spine can be the result of

relative Aexibihity, which indicates that the hamstrings are stiffer than the supporting tissues of

the lumbar spine but not that the hamstrning musck s are short. B, T he patient’s hip joint angle
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Figure 116 Diagrammatic illustration of the dfect of rdative
stif fness of the back extensor muscles and the hamstring muscles.
A, The back extensor muscks are stiffer than the hamstring
muscles, so the knee does not extend. B, The hack extensor
muscks are less stiff than the hamstrings, therefore the pelvis
pasteriorly tits and the lumbar spine flexes as the knee extends
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Figwe 1-17. Schematic of the sarcomere illustrating the attachments of titin. (From Granzier
HL, Laber S: The giant protein titin: a major phyer in myoardial mechanics, signaling, and
disease, Cre Res 94:284-295, 2004.)
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Apwe 1-18. Relationship between passive stiffness and muscle
volume. There 1s a high correlation between muscle size and

passive stiffiess, therefore the greater the hypertrophy of a
muscle the greater the resistance to passive elongation. (From

Chleboun GGS, Howell JN Conatser RR, et al: The rehtionship
between elbow Hexor volume and angular stiffness at the elbow,
Clmn Bromech 12(6):383-392, 1997 )




Implications of standing ahgnment and passive

sothess. A, Natural standing alignment with minimum energy
expenditure The swayed back tnunk with the thoraac kyphosis
indicates the thoraac back extensor muscles are not as stiff as the

rectus abdomimis musclke. The swayback mmimizes the activity of

the lumbar back extensor muscles, thereby not contnbuting to
anterior tik of the pelvis that is associated with action of these
muscles. The anterior pdvic tilt indicates that the hip Aexors are
¢iffer than the abdommal muscles that do not generate counter-

alancing passive tension at the correct length to mamtain idk

hal

pelvic alignment. B, Active contraction of thoracx back extensor
muschks improves her thoracx ahgmnent The emphass of her
reatment program i to mprove the paracipation of the external
blique abdominal muscle more than the rectus abdommnis to
achieve correct pdvic tilt without increasing the thoraackyphosis
['he permanent correction requires enough change in the pesive
tenson and length of the abdomunal and thoracx back extensor
muscks to “hold" the correctaignment passroedy and not actively



Springs depicting the passive tersion of the shdommnal and hip flexor muscles

['he passive tension (stiffness) of muscles exerts an almost constant pull on s attachments
A, When the least stiff spring s the abdommnal muscles, the stiffer spring of the hip flexors will
pull the pelvis into an antenor pelvic tilt. B, When abdominal muscks are stiffer than the hip

flexar musckes, the pelvs will be maintained in the correct alignment
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Hypertrophy of the abdominal muscles main-
tained by being the antigravity muscles of the trunk. A, Antenor
view ndicating the musck definition of the abdominal muscles.
B, The side view damonstrating that the head and shoulders
are swayed back so that the line of gravity s antenor to the
trunk. The patient ako worked with his arms in front of him

causing even more posterior sway of the trunk
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Figure 1-22. Thoracic kyphosis associated with excessive
lcns{th of the thoracic paraspinal muscles and with laxity of the
abdominal muscles.




Promuinence of abdomen consstent waith diman-
ished abdominal muscle stiffness and a diastasis of the linea alba
ahove the umbilicus. Contraction of abdominal muscles wath
this condition will have 2 mimimal effect on the ahgnment of
the pelwvis and rib cage




The modihied quadruped position can be used to
decrease the thorack kyphosis and help dongate the trunk T he

patient is instructed to allow the upper back to relax, ktong the
chest drop toward the table. The patient can then rock back-
ward, which provides a shight stretch of the trunk




A, Patient sitting slumped with a thoracx kyphosis. B, Pushing up in the chair
to elongate the trunk She s not lifting her buttocks off of the chair, but she & just elongating
the trunk by pushing into the seat of the chair and locking her elbows. The patient then tries
to contract all of her runk muscles to mantamn the trunk alignment, and then she hifts her
hands of f the seat of the chair. C, Side view of the trunk elongation e
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Stiffness of the scaleni muscles limiting rotation of head and carvical spine

Patient with severe headaches and neck pain with short and stiff abdominal muscks.
A, Maximum head and neck rotation. B, Increased rotation of head and neck when arms are

supported and the nb cage 1s passively elevated




Assessing the mirasteanal angle as an mdxation of abdominal muscke resting

kength. A, Narrow infrasternal angle a

m dameter of the rnb cage durng max

ik C

assocrted with sthiffness and/or s
bhique abdominal muscles. B, If the e3
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cternal oblique abdominal muscle

reness of the external
are short, the change

comum mhalation s less than 2 mches



TABLE 11
Muscle Belly Length, Sarcomere Number, and Sarcomere Length Measurements of Young and Adult Muscles

Immobilized in the Lengthened and Shortened Positions*
Muscle Belly Length (mm) Sarcomere Number Sarcomere ﬂ (um)

mental Control Experimental Control tal Control

ADUO
Lengthened [10-6 £0-16 10-8 £ 0-24] 2560 + 36 2215 + 14 243 = 0049 3-13 20021

Shortened [63 £0-12 6-1x0-17] 1824 + 28 2283+ 18 2-08 + 0050 141+ 0018

YOUNG
Leng thened 532025 7-0x 015 1281 £ 31 1739 + 24 26420124 3-10% 0093

Shortened 4+3%017 572016 100519 1826 £20 240 £ 0072 1-62 + 0081

*In each case, muscles from five animals were used. Data n brackets are not significantly dfferent from each other (P > 0.1).
(From Williams PE, Goldspink G: Changes in sarcomere length and physological properties in mobilzed muscles, J Anat 127:458-459, 1978.)
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Figure 1-28. Active and pasive length-tension curves of mice musclks that have been immo-
bilzed in 3 kngthened position for 3 weeks and compared to controlmuscles. Note the curves
of the kengthened muscles are shifted to the right Red /ime, Control musclks; blue line, experi-
mentaldengthened musck. (Fram Williams PE, Goldspink G: Changes in sarcomere length
and physiological properties in immobilized muscles, 7 Arar 127 459468, 1978)
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Figure 1-29. Active and passive length-tension curves of mice muscles that have heen mmo-
bilzed in a shortened position for 3 weeks and compared to control muscles. Note the curve
of the shortened muscle is shifted to the left. Red /ime, Control musck; blue Iine, experimental-
shortened muscle. (From Williams PE, Goldspink Gi: Changes in sarcomere kength and physi-
ological properties in immobilized muscks, 7 Anar 127:459-468, 1978.)
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Figure 1-30. Hlustration of the effect on the actve tension of
lengthened muscle. i the control musck and the lengthened
muschke are tested in the same position {(ime a), the tenson is kess
for the lengthened muscle than for the control (lme 5). (Data
adapted from Willams PE, Goldspink G: Changcs N sarco-

mere length and physological properties in  immobibized
muscles, 7 Anar 127:459-468, 1978.)




Figure 131 Swaybadk posture with line of gﬁvity posteror
to hip yint, decreasing the hip extensor moment. Associated
with poor definition of the gluteal muscles.
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Flgure 1-32. Moton analysis display of two strategies control-
ling the knee motion during stepping up on a footstool.
A, Strategy in which the body is moved toward the knee that
emphasizes control by the knee extensor muscles. B, Strategy
in which the knee 5 pulled toward the body that emphaszes
control by the hip extensor musclks. (From Sahrmann SA: Diag-
nasis and treatwen of movement rmparrinent syndromes, St Louis,
2002, Mosby; courtesy Amy Bastian, PhD, PT))







