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TPI-3D COMPREHENSIVE BIOMECHANICS REPORT REVIEW

Introduction:

This report reviews the major biomechanics of a golf swing. It is based upon biomechanics
principles including; the kinematic sequence of body segments, the stretch shorten cycle of
muscles around a joint and dynamic stability principles of position and orientation. There are
over 400 parameters and 50 curves fo view. At the bottom of each page is the golfer's name,
the swing name and the database name that is used for the ranges. It is best fo read these
definitions while looking at an example report.

Report Overview:

This report consists of 17 pages and can be used 10 com ore o Io er 's swing
swing database. You can select a given —— :

database or create your own using TPl [
3D’s ‘Manage Group Database’ feature | .. ..
This feature is accessed through the
Comparison Table by clicking the right
mouse button anywhere on the table.
The pages included in the report are:
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1. Cover Page

2. Kinematic Sequence and Tempo
Overview

3. Backswing Sequence

4, Transition Sequence

5. Downswing Sequence
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. Spine Link Interactions

. Shoulder Link Interactions

. Wrist Link Interactions
9. Wrist Link Interactions Cont.
10. Trunk Dynamic Stability
11. Trunk Dynamic Stability Cont.
12. Dynamic Range of Motion
13. Dynamic Range of Motion Cont.
14. Position at Address
15. Position at Top
16. Position at Impact
17. Position at Finish

***This report should be used by the diagnostician and the coach to create a
greater understanding of what is really happening in the player’s swing. It is our
advice that you never provide this information to the player. This is usually way to
complicated for them to understand and can create more confusion than clarity***
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Page 2:
On the second page we

7 PI 35 BIOMECHANICAL ANALYSIS]| highlight the entire Kinematic

Seqgquence and focus on the
downswing phase with visual
references. Notice the pictures
of the golfer show the body
position af each of the peak
rotational speeds from left to
right; pelvis peak, thorax peak,
lead arm peak, and club peak.
The pictures should clearly
show (looking at the position

o of the golf club) that the pelvis

W peaked first, then the thorax,

670 uss  os ors 1w 1z 1 irs 2an then the arm and then the

Adr Top Imp Fin

Kinematic Sequence
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club. The peak for the thorax
and arm will be very close so
these two pictures should show
the club at almost the same
location. There should be a
larger time between the pelvis
peak and thorax peak; and
again between the arm peak
and the club peak. The club

rotational speed should peak
Pelvis Peak Thorax Peak Lead Arm Peak Club Peak very close to impoc‘r.

Backswing Dowwnswing Fallow Through
Tempo |ms 792 736 to 958 (283 233 to 296 |17 525 to 825

Tempo Table:

The bottom of the page shows the player’s tempo - the time taken for the backswing,
downswing and follow through. Backswing is from address to top, downswing is from top
fo impact, and follow through is from impact to finish. Tempo is measured in milliseconds.
Milliseconds are thousands of a second so, for example, 250 msec is equivalent to 0.250
seconds (a quarter of a second).

Our current average PGA Tour tempos are:

m 736-958 msec for the backswing (this is the mean +/- one standard deviation)

m 233-296 msec for the downswing (this is the mean +/- one standard deviation)

m 525-825 msec for the follow through (this is the mean +/- one standard deviation)
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Page 3:
Backswing Sequence:

& F—"F TFUT BOMECHANICAL ANALYSIS| TS Page shows curves and

parameters from the backswing

Backswing Sequence section of the kinematic
Angular Velocity: Pelvis Thorax Arm sequence groph.
2775
Backswing Graph
138 The graph shows the kinematic
seguence zoomed in on
, o the backswing phase. The
5 four curves are the angular
2 velocity of pelvis (red), thorax
S (green), lead arm (blue) and
club (brown). Angular velocity
525 is measured in degrees per
second.
-555.00 .
- oz o o Backswing Parameters Table
Backswing Parameters PeCIk order
Pelis Thorax At Club The order in which each body
Peak Crder order |1 2 4 a . .
Peak to Top ms 421 346 to 541|325 210539 254|214 10381 (263|227 to 365 SegmenT reGCheS ITS hlgheST
Peak to Impact (ms 704|598 ta 819|508 B20ta 821 |535 |4B5toBRO (546  |470tao 653 Speed in The bOckswing.
Peak Speed dfs |50 8910133 (218 18510 266 (282 (24910333 565 473 toB27
Acceleration dfsfs 262 167 to 400|471 391 to 786|509 (377 to 690 1034 (734 to 1346 Pe(]k TO TOp
Deceleration dfsfs 357 199 to 928 503 42810 1073 |546 387 to BBE 1044 599 to 1316 . . .
The time in milliseconds from
Sagmentl Interactions the peak (minimum) point, for
Pelvis-Thorax Thorax-Arm Arrn-Club
Tirne Between Peaks |ms |96 871063 |71 B1t0234 -9 80 to 82 each segment, to the top of

backswing (which is when the
club turns around).

Peak Speed
The peak value in degrees per second for each body segment. The value is shown on the
graph as negative which means it is the backswing.

Acceleration

This is the average acceleration (speed up) of each segment during the first part of the
backswing. It is the slope of a line from each segment’s address point to its peak in the
backswing. The units are degrees per second per second (d/s/s).

Deceleration

This is the average deceleration (slow down) of each segment during the latter part of the
backswing. It is the slope of a line from each segment’s peak to top. The units are degrees
per second per second (d/s/s).
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Page 3 cont.:

Segmental Interactions Table

Time between Peaks
This is the time in milliseconds between the peak speeds of each segment; pelvis to thorax,
thorax 1o arm, and arm to club. If the time is negative then the distal segment peaked first.

Page 4.

Transition Sequence:
Tﬁ, 35 BIOMECHANICAL ANALYSIS This page slhows Thg kinematic
sequence information

Transition Sequence specifically around the Transition
Angular Velocity: Pelvis Thorax Arm Phose Of ﬂ-]e gOlf SWiﬂg.

22500

Transition Sequence Graph
1ea7.s The graph on this page shows
the kinematic sequence

1250 zoomed in on the transition
phase. The four curves are

QW e D

se2s the angular velocity of pelvis
il (red), thorax (green), lead arm
. i (blue) and club (orown). The

fransition phase is the time from
the first segment turn around to

e _— the last segment turn around.

The biomechanically efficient

-562.50

sequence of fransition is pelvis, thorax, lead arm, club.

Any part of the curve below the black horizontal zero line is in the backswing, any part that is
above this line is in the downswing. For the example above, starting from the left of the graph
we see that the red (pelvis) line crosses zero first, then the green (thorax) line, then the blue
(lead arm) and finally the brown (club). The club crosses exactly at top of backswing because
this is our definition of top; the point at which the club shaft changes direction. Since the x-axis
of the graph is fime, the distance from when the red curve crosses zero 1o when the brown line
crosses zero is the time from when the pelvis changed direction to when the clulb changes
direction. The fransition sequence show above is considered a good one as far as the order is
concerned, that is, a good transition order is pelvis, thorax, lead arm, and club.
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Page 4 cont.:

The amount of time that the red curve is on
top of the green curve after it has crossed
the zero line gives an indication of how much
fransitional spine stretch (X-Factor Stretch) is
occurring, since when the red is on top of
the green it means that the pelvis is rotating
faster than the thorax and hence the spine
stretch is increasing. This same rule can be
applied to each curve or body segment.
Look at when the green crosses the zero line.
The time that it is on top of the blue line after
crossing zero indicates that shoulder stretch is
occuring, because the thorax is rotating faster than the lead arm and the shoulder angle must
therefore be closing.

Finally after the blue curve has crossed zero means that the lead arm is in the downswing. So
the time it stays on top of the brown curve after crossing zero indicates how much wrist stretch
is occurring.

Due fo the structure of muscles and connective tissue, it is advantageous to cause the muscle
and joint to get this extra stretch during the fransition period. It helps transmit more energy
and speed to the following body segment. If the transition sequence described above is not
optimal, elastic energy from the muscles and joint is lost.

Transition Parameters Table

Transition Parameters

Pelvis Thorax Arrm Club
Transition Order order |1 2 3 4
Transition to Top ms |21 17 to 94 13 4 to 58 4 6to30 0 Oto0

Transition to Peak ms 175|187 to 263 208 185to 264 2058 (170to 237 (283 (23210294
Transition to Impact ms 304  |286to0355 |296 259 to 333 285|244 to 308 283 |233to 296
Transition Acceleration |dfsfs [1530  |757 to 1682 |1628  |1026 to 2340 (2694 |1893 to 3958 (3540 |2724 to 5730

Transition Order

The order in which each body segment fumns around from backswing to downswing.
Transition to Peak

The time from the transition of each segment to the peak speed of the same segment.
Measured in milliseconds.

Transition to Impact

The time from the transition of each segment to impact; measured in milliseconds.
Transition Acceleration

The average acceleration of each body segment during its fransition from backswing to
forward swing, (measured 25ms either side of transition). This measurement gives an idea of
the torque that is applied to that segment during fransition.
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Page 4 cont.:

Segmental Interactions Table

Segmental Interactions

Pelvis-Tharax Thorax-Arm Arrn-Club
Time between Transitions Titme Between Transitions |ms |3 £toss |3 -tod0 |4 Hto30

This is the time in milliseconds
between the fransitions of each segment; pelvis to thorax, thorax to arm and arm to club. If
the time is negative then the distal (outside) segment peaked first.

Page 5:
Downswing Sequence:
7 PI gﬂ BIOMECHANICAL ANALYSIS _
This page shows curves
Downswing Sequence and parameters from the
Angular Velocity: Pelvis Thorax Arm downswing seCTion Of ’rhe
e kinematic sequence graph
(the area from top o impact).
e This is the key section of the
graph so review page 14
211290 for a full explanation of the
z Kinematic Sequence.
o s \/\J/L*?C
o Downswing Sequence
o0 Graph
P _ This is a graph of pelvis (red),
Top e ' thorax (green), lead arm (blue)
Sequence Parameters Ond C|Ub [bl’OWﬂ) ClngU|Or
Pelis Thorax At Club SpeedS ”. |S Zoomed In
Peak Order order |1 2 3 4 .
Peak Timing Pre-lmpact |ms 129 |77ta 113 |88 541089 79 621061 0 Htos between TOD of bockswmg
Peak Speed dfs 402 (41510522 [F7E B29to7R4 |94 AR to 1038|2230 [2108 to 230 :
% of Mai % |18 [181023 a0 281034 42 401046 100 100 to 100 and IlmpOlCT' It shows the
Acceleration Weis 2306 171702595 3291 2679103055 4601 419018842 7are Ter4wordq relafionships of the peaks
Deceleration disfs (1590 1223 to 2734 3206 1508 to 3889 7023 5764 to 8356 (8833 7821 to 937 Ond The Occeleroﬂon_
Segmental Interactions deceler(]hon ChOfOCTerISTICS
Pelvis-Thorax Thorax-Arrm Arm-Club .
Tirne Between Peaks |\ms |42 51043 =} -8t 17 |79 611079 Of eOCh Segment dunng 1he
Angular Speed Gain  |dis 275 184 10 272 |255 211 to 321 1297 1160 to 1327 dOWhSWing.
Gain Factor ratio |1.7 14t0l16 |14 1.3t015 |24 221024
Coptribution by loint
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Page 5 cont.:

Sequence Parameters Table

Seguence Parameters
Fetie Thorex A b This table shows values for
Peak Order order |1 2 3 4
Peak Timing Pre-lmpact ms  [129  [7710113 |88 |541089 |79 [62108 0 -to5 each body segment in
Peak Speed & |40z |415t0522 |68 [2910764 (934 |BEG1o 1038 2230 2108 to 2306 the downswing sequence,
% of Max % 18 [18t023 |30 28034 |42 |401045 100100 to 100
Acceleration disfs (2305 (1717102695 (3291 257910 3656 4601 |4190to 5542 7879 7474 to 9734 including pelvis, thorax, lead
Deceleration deis 1590 1223102734 [3206  |1508to 3689 7023 |5764 to 8356 £E38 7821 10 9375 arm and club.

Peak Order

This is the order in which the segments reach their highest rotational speed after which they
should decelerate before impact. The biomechanically efficient sequence is pelvis, thorax,
lead arm and club. This would be shown as 1,2,3,4. The numbers show the order in which the
segments peak.

Peak Timing

This is the time that the peak of each segment occurs, measured in milliseconds before
impact. If the sequence is in the expected order, then the numbers will get progressively
smaller from pelvis to club, that is, the larger the numiber the earlier it is before impact. The
numibers should always e positive.

Peak Speed
This is the maximum rotational speed that each segment reaches during the downswing. It is
measured in degrees per second.

% of Max
This is the speed of each segment (pelvis, thorax and lead arm) with respect to the club peak
speed, presented as a percentage. The calculation is (segment peak) / (club peak) * 100.

Acceleration

This is the average acceleration (speed up) of each segment during the initial part of the
downswing. It is the slope of a line from each segment’s transition point to its peak. The units
are degrees per second per second (d/s/s).

Deceleration

This is the average deceleration (slow down) of each segment during the latter part of the
downswing before impact. It is the slope of a line from each segment’s peak to impact. The
units are degrees per second per second (d/s/s).
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Page 5 cont.:

Segmental Interactions Table

Time Between Peaks

Segrental Interactions

Pelvis-Thorax Tharax-Arm Arm-Club Th|S |S The 'hme |n mllllseconds
Tirme Between Peaks |ms |42 5to43 & 181017 78 B1to 79
Sngular Speed Gain | dfs (276 184 10 272 |25 21t0321 1207 116010 1327 between each of the peak
Gain Factor ratio 1.7 141016 |14 131015 |24 221024 Ongulor Ve'oc”‘y po|n1‘s Of

each of the body segments
and the club, specifically between pelvis and thorax, thorax and lead arm, lead arm and club.
If the value is negative then the second segment peaked first. For an effective sequence the
values should all be positive, meaning that the distal segment peaked after the proximal one.

Angular Speed Gain

This is the angular speed gain from each proximal segment to the distal one, taken in pairs.
It is measured in degrees per second and gives an indication of how much that “joint”
contributed to the increase in speed from segment to segment,

Gain Factor

This is the ratio of the second segment’s peak speed 1o the first one’s. It shows how much
speed gain occurred across each joint; for example; 1.5 for Pelvis-Thorax means that the peak
thorax speed was 1.5 times faster than the pelvis peak speed.

Contribution by Joint Table

% Contribution

= e E—— . This measurement gives an

% Contribution_|% |18 [181023 |12 [Bto12 11 [91014 58 [5310%5 | indication of the percent
contributed by each joint to

the angular velocity of the club at impact. The calculation is (speed gain across the joint) /

(peak club speed) * 100. For the pelvis it is just (pelvis speed) / (peak club speed) * 100. Note

that this should just be used as an indicator since the velocities don't peak at the same time

and are measured around different axes. It is still, however, a very useful measurement.

Contribution by Joint

Notes:
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Page 6:

Spine Link Interactions:

& F=H TUT BIOMECHANICAL ANALYSIS| This page provides

information on the
inferactions between the

Spine Link Interactions

Esﬁnemaﬁc Sequence - Pelvis and Thorax BSE;ans;flon Phase - Pelvis and Thorax pelvis Ond ThOTGX. ” breoks
4 500 a §102 out the pelvis and thorax
o e g 01 kinematic sequence graphs
S oo e and also shows the spine
r;:zzz W‘ ‘ °1m°':n rotation curve.
n25 050 075_100 125 150 175 210 0.40
. o " e rotmtion Kinematic Sequence — Pelvis
Total Spine Rotations (deg) o and Thorax Graph
e gzzzz The rotation speed of the
A Thorax Transition 33 37 to 29 :35:00\ pelvis and thorax segments
AL Maximum M #1003 : for the whole swing.

-40.00
C

-45.00

v | Transition Phase — Pelvis and
Thorax Graph

The rotational speed of the pelvis and thorax segments zoomed in around the top of
backswing area.

Top

Spine Rotation Graph
The rotation of the thorax with respect 1o the pelvis; this has been commonly known as the X-
Factor, Separation or Coil. This is an angle and is measured in degrees.

Total Spine Rotations Table
These are the values of the spine rotation (X-Factor) as specific instances during the transition
phase.

At Pelvis Transition
Spine rotation value at the instant that the pelvis turns from backswing to downswing. This point
is the beginning of the fransitional spine stretch (X-Factor Stretch).

At Thorax Transition

Spine rotation value at the instant that the thorax tumns from backswing to downswing. This point
is the end of the contra-directional stretch portion of the transitional spine stretch (X-Factor
Stretch).

At Maximum

Spine rotation value at the instant that the pelvis and thorax are rotating in the downswing at
the same speed. This point is the end of the ipsi-directional stretch portion of the tfransitional
spine stretch (X-Factor Stretch) and, in fact, the end of this stretch period all together.
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Page 6 cont.:

Transitional Spine Rotations Table
This table expands the Transitional

Transitional Spine Rotation (Stretch)

Angle (deg) Time (ms) Rate (dis) . . . .
Contra-Directional |0 Oto3d &8 5to a0 24 Tto73 Splne STreTCh _InTO severol pOl’TlIOF]S,
lpsi-Directional |2 OtoB |13 Wto140 |20 EtoBS Contra-Directional Stretch, Ipsi-
Total Stretch 2 Oto9 [121 47 to 179 |21 B to 68 directional Stretch and the Total

Stretch (X-Factor Stretch). It also
reports these as the angle of stretch,
fime of stretch and rate of stretch. For a comprehensive discussion of these measurements
and a litfle bit about backswing also, see the “Spine Rotation from the Kinematic Sequence
Graph” discussion at the end of this section.

Transitional Timings Table

To Club Transition
Time from pelvis or thorax turn around to when the

Transitianal Timings (ms)

Pelvis Thorax
To Club Transition |21 171094 |13 41053 club turns around; measured in milliseconds. Note
Ta Impact 304 (20610355 (206  |250 to 333 that club turn around is also the definition of top of

backswing.
Transitional Accelerations (dfs/s)
Pelvis Thorax TO Imp(JCT

Acceleration 1630|767 10 1682 1629|1026 to 2340 Time from pelvis or thorax turn around to impact:
measured in milliseconds.

Transitional Accelerations

The average acceleration of pelvis and thorax during its fransition from backswing to
downswing, (measured 25 msec either side of transition). This measurement gives an idea of
the torque that is applied to each segment during transition; measured in degrees per second
per second.

Notes:
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Page 6 cont.:

Spine Rotation from the Kinematic Sequence Graph

500 A 4 T e 70 | Y-AXis: Pelvis (red) and thorax (green)

. 3 angular velocity components about

400 ! % an inferior/superior (down/up) axis in

=0 | g each segment (note the axis follows the
™ - segment), measured in degrees per

200 5 ’ 9- second.

49%.9 0.3 0.5 0zl 8 10 13 1.5 1.8 20 X-Axis: Time in Seconds.

Vertical Black lines: These represent times of Address, Top, Impact and Finish.

Events and Phases

Blue numbers are now described in detail and assume we are looking down on a right handed

golfer.
1. Pelvis and thorax begin fo rotate clockwise in the backswing; thorax quickly outpaces
the pelvis; opening up the spine rotation angle (X-Factor). Since the slope of both curves
is negative (until point 2) they are both accelerating backwards, which implies there is a
clockwise torque acting on both the thorax and the pelvis.
2. This is the point of maximum backswing speed of both the pelvis and thorax. Here, (in
this case) both pelvis and thorax begin to slow down and the slope of the curves becomes
positive. This implies that a counterclockwise torque is now acting on both segments, but
their momentum and the momentum of the arms and club carry them through fo their
respective transition points (points 4 and 6).
3. This is the whole backswing phase; during this phase both pelvis and thorax are traveling
clockwise and the spine angle is opening. The amount of turn of the pelvis could be
measured by summing the area between the red curve and the horizontal zero line (black);
similarly for the thorax using the green line. The area between the red and green lines
represents the amount of spine opening (X-Factor) at point 4.
4. This point is the time at which the pelvis speed in zero and the pelvis begins the forward
swing, so it is the fransition point or top of backswing for the pelvis. The counterclockwise
tforque mentioned in point 2 has finally stopped the pelvis and is now twisting and
accelerating it into the down swing. The slope of the curve here gives a measure of the
amount of acceleration. Nofice that the thorax is still going backwards, so the spine angle is
still opening even though the pelvis is turning forward.
5. During phase 5 the pelvis is rotating forwards (counterclockwise) while the thorax is still
rotating backwards (clockwise); they are both rotating in different directions; this is creating
extra rotational spine stretch; We call this portion of the transitional spine stretch, the “contra-
directional stretch” since both the pelvis and thorax on either side of the lumbar and lower
thoracic spine are turning in opposite directions; note that this concept works on any joint.
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Page 6 cont.:

Spine Rotation from the Kinematic Sequence Graph cont.

6. At this point the thorax rotation speed

Adr Tep Img Fin

- 3 4 is zero and the thorax turns around into
00 . .
o0 7 % the downswing. The torgue mentioned
oo 5 in point 2 has finally overpowered the

1 momentum of the thorax and is now
200 ’ -9- furning and accelerating the thorax
<00 2 into the forward swing. The slope of the

0.0 0.3 0.5 0sf 8 10 13 15 18 20 )
green curve here gives a measure of

the amount of acceleration. From now
both the pelvis and thorax are turning forward in the downswing but the spine rotation angle
is sfill increasing and the X-Factor is still stretching because the pelvis is rotating faster than
the thorax (the red curve is higher than the green curve). We call this ipsi-directional stretch
since the joint is sfill stretching open but the segments on either side are moving in the same
direction.
7. During phase 7 both pelvis and thorax are rotating in the downswing; pelvis is still out
running the thorax and the spine separation is sfill increasing, but the thorax speed is
cafching the pelvis speed (slope of green curve is increasing). This is the ipsi-stretch period.
8. At this point the pelvis and thorax have the same speed, but the thorax has not caught
up with the pelvis, in fact, this is the point of maximum spine rotational separation (Maximum
X-Factor). So the area between the red and green curves from point 4 to point 8 gives the
tfotal value of the spine rotational stretch (X-Factor Stretch). This is the increase in the spine
separation from the point that the pelvis turns around fill the point that the spine separation
begins to close. The purple area on the graph.
9. A lot happens during phase 9. The thorax is now rapidly closing the gap with the pelvis.
The pelvis peaks in speed before the thorax and begins to decelerate. The thorax then
peaks and it begins to decelerate. When the area between the green and red curves from
point 8 on equals the area between them before point 8 then the thorax has finally closed
the gap on the pelvis. In most cases this happens slightly after impact in the follow through.

Phases

Backswing (3): This is the spine rotation opening phase; pelvis and thorax both turning
backwards; thorax turning faster than pelvis; larger negative value; X-Factor increasing.
Contra-Directional Stretch (5): This is the spine contra-directional stretch phase; pelvis in
downswing, thorax still in backswing, spine rotation angle opens more; first part of the X-Factor
Stretch.,
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Page 6 cont.:

Spine Rotation from the Kinematic Sequence Graph cont.

00 A 4 To =~ | Phases cont.

o 3 | Contra-Directional Stretch (5): This is

400 4 % the spine contra-directional stretch

20 | g 5 phase; pelvis in downswing, thorax still in
™ 9- bbackswing, spine rotation angle opens

=00 % | more; first part of the X-Factor Stretch.

40%.0 0.3 05 036‘8 1.0 1.3 1.5 1.8 20

Ipsi-Directional Stretch (7): This is the
spine ipsi-directional stretch; ipsi means “the same”; both pelvis and thorax are turning in
the same direction; spine rotational stretch continues even though both are turning forward
because pelvis is turning faster than thorax.

Transitional Spine Stretch (54 7): This is the total spine rotational stretch or X-Factor Stretch;
it is the extra opening of the spine angle (X-Factor) after the pelvis furmns from backswing to
downswing; note that it is not after the club turmns around but affer the pelvis furns around.

Closing the Gap (9): This is the spine closing phase; the thorax is catching the pelvis and the
X-Factor is closing.

Stretch-Shorten Cycle Rational

Eccentric Phase — Includes three phases of the graph above: Phase 3 — the backswing until
the pelvis turns around, Phase 5 — the contra-directional stretch where pelvis and thorax are
moving in opposite directions, Phase 7 — the ipsi-directional stretch where pelvis and thorax are
moving in the same forward direction

Amortization Phase - There is none if the golfer doesn’t stop at the top.
Concentric Phase - Phase 9 the downswing after the pelvis and thorax speeds become equal,

until the gap is closed and the spine rotation angle becomes zero. Note that this is not usually
exactly at impact it is usually after impact, early in the follow through phase.
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Page 7:
I ﬂ Shoulder Link
7? 3 BIOMECHANICAL ANALYSIS| |~teractions

Shoulder Link Interactions

This page breaks out the

Kinematic Sequence - Thorax and Arm Transition Phase - Thorax and Arm
F 9350 8350 thorax and lead upper arm
aiz:: ‘ :zl: kinematic sequence graphs
7 e T and also shows the shoulder
Do : 00 angle curve.
Co337s M ‘ To337s
E\487'50 025 050 075 100 125 150 475 24N E\457'50 0.40 H H
A ’ ' Tup' Img ’ ' “Fin Top ’ KlnemQhC Sequence
Shoulder Angle - Thorax and Arm Graph
RS e s The rotation speed of the
At Thorax Transition 43 391053 S 520 ThOfOX Ond |eC1d Upper arm
At Arm Transition 43 39 to 52 g
B b o R AL ; 48_0\ segmenfs for the whole
E a0 swing.

0.40
Top

Transition Phase — Thorax
and Arm Graph

The rotation speed of the thorax and lead upper arm segments zoomed in around the fop of
backswing areaq.

Shoulder Angle Graph

The angle between the thorax and the lead upper arm measure between a line along the
lead upper arm and its projection onto the frontal plane of the thorax; the smaller the angle
the closer the lead arm is to the thorax; it is measured in degrees.

Total Shoulder Angle Table

At Thorax Transition
Shoulder angle at the instant that the thorax turns from backswing to downswing.

At Arm Transition
Shoulder angle at the instant the lead upper arm turns from backswing 1o downswing.

At Min Angle
The minimum value of the shoulder angle near top of backswing; this is when the shoulder joint
is in maximum stretch.
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Page 7 cont.:
N Transitional Shoulder Stretch Table
Transitional Shoulder Stretch I .
Angle [deg) Time {ms) Rate (dfs) ThIS TOb|e eXpOndS The TrOﬂSITIOﬂO| Shoulder
Contra-Directional 10 Oto2 9 L L srs3 A Stretch info several portions; Contra-Directionall
Ipsi-Directional 0 Oto3 |B3 24t0 111 |6 b to 37 ) ] .
Total Stretch |0 Dts |71 F M 7 7tad2 Stretch, lpsi-directional Stretch and the Total
Transitional Timings (me) Stretch. It also reports these as the angle of
Tharax Lead Armn stretch, fime of stretch and rate of stretch.
To Club Transition 13 4 to 58 4 -E 1030
To Impact 296 259 t0 333 288 244 to 308
Contra-Directional

This is the shoulder stretch period when the thorax is moving forward in the downswing but the
lead upper arm is still moving backwards in the backswing. The angle of stretch; period of
stretch and rate of stretch are given.

Ipsi-Directional

This is the shoulder stretch period when both the thorax and the lead upper arm are in the
downswing but the thorax is sfill moving faster than the lead upper arm. The angle of stretch;
period of stretch and rate of stretch are given.

Total Stretch

This is the extra stretch of the shoulder between the thorax and lead upper arm transitions. It is
the sum of Contfra and Ipsi. The angle of stretch; period of stretch and rate of stretch are given.
For a comprehensive discussion of these principles and a little bit about backswing also, see
the "Spine Rotation from the Kinematic Sequence Graph” discussion section; the principles are
the same for the shoulder joint as the spine.

Transitional Timings Table

Transitional Ac;:;i;e:mns (dfsis) — TO C|Ub TI'C]nSITIOh
Acceleration |1528 1026 to 2340 |2694 1893 1o 3958 Time from thorax or lead upper arm turn around to when
the club turns around; measured in milliseconds. Note

that club furn around is also the definition of top of backswing.

To Impact
Time from thorax or lead upper arm turn around to impact; measured in milliseconds.

Transitional Accelerations Table

The average acceleration of thorax and lead upper arm during its fransition from backswing to
downswing, (measured 25ms either side of transition). This measurement gives an idea of the
forque that is applied to each segment during transition; measured in degrees per second per
second.
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Wrist Link Interactions

Kinematic Sequence - Arm and Club

Shaft Lean {deg)
Angle

At Irnpact

17F

17F to &F

7 ﬁ I .?ﬂ BIOMECHANICAL ANALYSIS

Transition Phase - Arm and Club

13800
10200
d

g 8300

[l
Fo3400
H

T

a4.0

a0.0

-

0.40

Top

Wrist Link Interactions

These two pages break

out the lead arm and club
kinematic sequence graphs
and also show the wrist set
angle curves.

00 Caan) . .

| || - Kinematic Sequence

i J126 0S0 07S 400 435 1sn 7s 2an i - 040 _ Al'm Ond C|Ub Grcph
Wrist Set Angles (deg) — 10‘;‘.’;”5! Set Angle The rotation Speed of the
At Arm Transition BDg 78 to 99 p 96.0 am Ond C|Ub SegmenTS fOI'
At Club Transition a0 78 to 98 © gp The Whole Swingl
At Max Set B 75toB2 g
At Arm 30dey Pre-lmpact 95 |94 10 108 e 580

Transition Phase — Arm and
Club Graph

The rotation speed of the
arm and club segments

zoomed in around the fop of backswing area.

Wrist Set Angle Graph
The graph of the angle between the lead forearm and club shaft; measured in degrees.

Wrist Set Angles Table

These are the angles from the wrist set graph at specific points in the transition and downswing.
At Arm Transition
The wrist set angle at upper arm fransition

At Club Transition
The wrist set angle at club transition (top of backswing)

At Max Set

The maximum set of the wrist between top and impact. Note that this may seem backwards
since is should be the minimum value of this angle. This is because of the definition of wrist seft;
maximum wrist set is when the wrist is “cocked” the most hence the angle between forearm
and shaft will be smallest.

At Arm 30deg Pre-Impact

The wrist set angle when the lead arm is 30 degrees before vertical before impact. The idea
here is to give a reading to see if sever casting is occurring. If this number is high above the
pro ranges then casting has probably occurred.
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Shaft Lean (deg) s : Shaft Lean at Impact Table
e This is the angle of the shaft with respect to
vertical from a face on view at impact. F

Angle
At Impact |17 F |17F to 8F

Transitional Wrist Si‘?“{‘;“@ o T means the handle end if forward of the club
Contra-Directional |0 Oto1 |4 Tto28 -7 -5 t0 55 heOd end,' The C|Ub |S |Ogglng. B medans The
lpst Directional |0 L el Mo 155 |7 e [ handle is behind the club head: the club is
Total Stretch 0 Ot |-17 170179 -7 -4 to 59 .

scooping.

Transitional Wrist Set Stretch Table

Contra-Directional

This is the wrist stretch period when the arm is moving forward in the downswing but the club
shaft is still moving backwards in the backswing. The angle of stretch; period of stretch and
rate of stretch are given.

Ipsi-Directional

This is the wrist stretch period when both the arm and club shaft are in the downswing but the
lead arm is still moving faster than the shaft. The angle of stretch; period of stretch and rate of
stretch are given.

Total Stretch

This is the extra stretch of the wrist between the lead arm and club shaft. It is the sum of Contra
and Ipsi. The angle of stretch; period of stretch and rate of stretch are given.

For a comprehensive discussion of these principles and a little bit abbout backswing also, see
the "Spine Rotation from the Kinematic Sequence Graph” discussion section; the principles are
the same for the shoulder joint as the spine.

Transitional Timings Table

To Club Transition

Transitional Timings (ms)

Lead A Ciub Time from arm tumn around to club turns around; measured
To Club Transition |4 6030 [0 [ite0 in milliseconds. Note that club turmn around is also the
To Impact 2a8 244 10308 (283 |233t0296

definition of top of backswing.
Transitional Accelerations (d/s/s)
. Lead Arm Club To Impocf
Acceleration 25594 1893 to 3958 |3540 |2724 to 5730 ! .

Time from lead arm or club turn around to impact;
measured in milliseconds.

Transitional Accelerations Table

The average acceleration of lead arm and club during their fransition from backswing 1o
downswing, (measured 25ms either side of transition). This measurement gives an idea of the
forque that is applied to each segment during transition; measured in degrees per second per
second.
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7 F2HFUT BioOMECHANICAL ANALYs!s | Lead-WristAngles Graph

Graph of all three lead wrist
Wrist Link Interactions angles including ulna-radial

Lead Wrist Angles (Uin-Rad, FIx-Ext, Sup-Pro) Trail Wist Angles (Uln-Rad, Fix-Fxd, Pro-Sup) deviation, ﬂ.ex'on'eIXT eI’IISIOn
” e and pronation-supination.
o 1 Hh\\,i The lead wrist is the left wrist
P 2s 1 for a right hander and right
S e wrist for a left hander.
2250 4 M \»_/_’l: _45'75
-45 00 -6500

N2 050 075 100 125 150 175 210 025 080 075_100 125 150 175 210 H H
Ar Top  Imp Fin Adr Top Imp Fin TI'CII| erst AnQ|eS GI'CIDh
Lead Wyrist Angles (Degrees)
Adt Top mp Fin Graph of all three lead wrist
Deviation 56U [32Uto 48U 4R [17Rto 1R 531 |34Uto 43U (14U [10Rto 17U les includi | dial
Flexion Extension 24 £ 38Eta 11E |30E 31EteBE 7 F [11Eto 13F 32E |59Ete 33E Ong es InClu Ing uina-raaia
Forearm Sup-Pra 32 5 19510 545 18P |35PtoBP |75 7510405 [P |43 to 15P deviation, flexion-extension

and pronation-supination.
The trail wrist is the right wrist for a right-hander and the left wrist for a left-hander.

Lead Wrist Angles Table
The value of each wrist angle at address, top, impact and finish

Deviation
Ulina and Radial deviation of the wrist; U for UlIna and R for radial; also commonly known as
cocking and uncocking.

Flexion Extension
F for flexion and E for extension; also commonly known as bowing and cupping.

Forearm Sup-Pro

This is not really a wrist angle but is convenient to this table. S for supination and P for pronation.
Supination is palm down and pronation is palm up. This is forearm roll around the long axis of
the forearm. Neutral would be arms held as if holding ski polls with thumlos pointing up.
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Trail Wrist Angles (Degrees) Trail Wris.l. Anqles Toble
Adr | Top Imp  |Fin
Deviation 36U [26Ut0 380 (23U [3Rt 21U [35U (23010330 [0 [17R 106U Th | f h wrist
Flexion Extension |16 E |9Eto5F |58 £ |B1E ta 45E |27 £ |29E to 10E |51 £ |BOE to 356 € vaiue or each wris
Forearm Sup-Pro 52 P (24P to 53P [18°S [2251010P [37 P [17P to 49P |22 5 [465 to 218 angle at address, top,
impact and finish
Deviation

Uina and Radial deviation of the wrist; U for UiIna and R for radial; also commonly known as
cocking and uncocking.

Flexion Extension
F for flexion and E for extension; also commonly known as bowing and cupping.

Forearm Sup-Pro

This is not really a wrist angle but is convenient to this table. S for supination and P for pronation.
Supination is palm down and pronation is palm up. This is forearm roll around the long axis of
the forearm. Neutral would be arms held as if holding ski polls with thumlos pointing up.

Wrist Release Speed Graph Vst Release Speed

Graph of the velocity of the wrist set angle in degrees per i j] ‘
second; this gives you an ideas of how fast the wrist set angle §SBD°D°

releases before impact. a0 0

-

72000
-1080.00
-1440.00

BEil

025 050 075 4100 125 150 1735 240
ar Top Imp Firy

Angular Velocities at Impact Table
These are all angular velocity components in degrees per
second measured atf the impact point.

A

Angular Velocities (DegéSec)

Lead Wrist Sup-Pro Vel

How fast the lead wrist is supinating at impact; i.e. rolling from
palm down to palm up. A high value here implies that the club
face is closing rapidly.

Irmp
Lead Wrist Sup-Pro Vel 2067 S 11715 to 19045
Lead Wrist Ext-Flex el 304 E | 253E to 7O2E
Trail Elbow Extn %el 325 E  [144E to 400E
Club Handle Axial Vel 1605 C |971C to 1599C

Lead Wrist Ext-Flex Vel
How fast the lead wrist is extending at impact. In a typical pro swing the wrist is slightly flexed
(bowed) at impact but is actually in the process of extending.

Trail Elbow Extn Vel
How fast the trail elbow is extending at impact.

Club Handle Axial Vel

How fast the clulb handle is rotating about a long axis through the shaft. This can also be
thought of as club face closing speed. A high speed here may mean it is harder to control
the angle of the face af impact, a lower number may mean that there is more margin for error
since the club face is closing more slowly at impact,
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Max Release Speed Table |

1
|Max Release Speed |degrsec [1308 [1045ta 1323 ||

The maximum opening speed of the wrist set angle just before
impact.

|Projected Impact Speed |mph [107 100 to 111 |

Projected Impact Speed Table

The linear resultant velocity of the club head at impact in miles per hour. Since there is no
sensor on the club head itself this speed is calculated by projecting it to the center of the club
head; the system however does not know about the bending or twisting of the shaft.

Notes:
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Pages 10 & 11:

Trunk Dynamic Stability
& Y FU4T BIOMECHANICAL ANALYSIS

Trunk Dynamic Stability The trunk is defined as the part
Sway - Pelvis and Thorax of the body that includes the

7 100 pelvis, abdomen and thoracic
.50

- areas but excludes the arms,

h 250 legs, head and neck. So

e 00

i FJ ‘ in this report section we are
fem e e describing the linear and
L angular motion of the pelvis

(Inches) |Adr Top Irnp Fin
Pebis (00T [0.0At00.0A (11T |1.0Ato1.4T 46T [26Tt056T |50 T |56T109.4T and thorax, specifically to see if
Thorax 00T |00At000A 117 [16A1008T |08 A (19410117 26T 3.2Tta 86T

it is excessive, hence the word
Thrust - Pelvis and Thorax “stability”. Note that the linear

F i values of sway, thrust and lift
h e are measure for the pelvis with
h \ / respect to the center point
S between the two hip joints and
B .
500 a2 00 075 00 125 150 175 240 for the thorax, a point between
(Inches) |Adr Top Irnp Fin The |eﬁ Ond I'ighT AC jOinTS.
Pelvis O00F 0D0BtoOO0B OBF |03Fto21F |07 F |[03Bto19F |31F |16Fto 4 2F
Thorex |0.0F [00Bta 008 056 |0.3F ta25F |31 6 [25Bta 0.AF [1.0F |0.7B101.0F Sway Graph

Sway in our biomechanical
definition is side 1o side linear motion measured in inches. Positive is toward the target and
negative is away from the target. Golfers would use the term sway and slide; we just say sway
away and sway towards. The red curve is pelvis and the green curve is thorax.

Sway Table
Measurement of the sway of the pelvis and thorax at address, top, impact and finish positions.

T is foward the target and A is away from the target. The address position is made zero so the
other measurements are with respect to address; measurements are in inches.

Thrust Graph
Thrust is measurement forward and backward with respect to the balll; thrust forward (F) would

be linear motion towards the ball and if positive; thrust backward (B) would be linear motion
away from the ball and is negative. The position at address is considered zero and the other
points are measured with respect to address.

Thrust Table
The thrust values at the points of address (zero), top, impact and finish; measured in inches
from address.
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Lift - Pelvis and Thorax Llﬁ GrQ h
500 i
y 5o The groph of lift and d.rop of
L the pelvis and thorax; instead
;_122 of calling lift and drop we just
s ‘ ﬁw call it lift up (U) and down (D).
P 025 050 075100 125 150 175 240 It is measured in inches. Up Is
Adr Top Irmpy Fin e '
e T - e o positive with respect to address
Pelis |0.0U [0.0D100.0D [12D0 150100.30 050 03Dta 13U 040 0.2U10 1.2U and down is negoﬁve with
Thorax 00U 00010000 (03U 17010030 (02U 07Dt0 15U 26U 16Uto 36U
respect to address.

Lift Table
The liff values for the pelvis and thorax at address (zero), top, impact and finish. Uisup and D is
down. Measured in inches.

Rotation Graph

This is a groph of the rotation Rolation - Pelvis and Thorax
. <1400
angles of the pelvis and thorax 1050
i . e 700
through the whole swing; 5 250
measured in degrees. Rotation s 00
. K £.35.00
is calculated as if one was * 00 V‘
|OOking in on the SegmenT, down S ss bsy 7S oo 135 180 475 24n
Adr Top Imp Fin
its local up/down axis where (Deg) |Adr Top Irap Fin

Pelis 09C |28CtoB00 |525C 559Cto3239C 2480 |20950t0 4530 B450 |97.10t0 11530

ever The SegmenT IS. Thls Ongle Tharax 1930 |7.001t0 1460 |71 C |97.8Cto834C (2730 2080t0 3670 1335 O |135.80 to 159 40

is not affected by side bend
or forward bends and gives
the “true” angle of rotation. This is very different than using an overhead view as with video
analysis; this method is affected by the bending angles and is an “apparent” angle. The true
angle method will tend to give larger angles than the apparent angle method. Backswing past
square is negative and called closed (C); forward swing past square is called open (O) and is
positive,

Rotation Table

This table gives the values of pelvis and thorax rotation with respect to the target line at
address, top, impact and finish; a square address position would give zero angles. C is closed
(away from the target) and O is open, towards the target. These are angles and are measured
in degrees.
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Bend - Pelvis and Thorax

Fos00

p s

e 250

9 125

r

. OO0 ‘ ‘

1250
DZS 050 07s_100 12 150 175 21!‘\

Bend Graph

This is a graph of the forward
and backward bend angles
of the pelvis (red) and thorax
(green) through the whole

2500
E-37.50

Top Imp
Do) At Top imp Fin swing; measured in degrees.
Pelvis 218 F |13.4F to 26.4F 13.9F |105F to 23.3F |50F 1.5Bte 111F |36F |0.8F to 14.2F B d . | | T d .
Thorax |415F 28 4Fto402F 50F |48Bto7.8F 254 F [185F to 2889F 27 5B |35.4Bto 2428 en IS calcuiare US|ng
the angle below or above

roooan

T &00
o 375
e 250
g 125

Side Bend - Pelvis and T

FASS

horax

1250
25 L]
37 a0

L-50.00

BN

025 050 0?5 100 1‘25 150 175 21n

horizontal of a line passing
through the segment from
the back to the front; this line
follows with the segment and
is always measured below or

above the horizontal plane. F
is bending forward and B is
bending back.

Adr
237
1907

(Deg)
Pelvis
Thorax

Tap
109 L
4120

Irmp Fin
12687 BOTto 1267 |[41T
33T |2BFTto36 7T 2047

2.4Lto5.07
0.3Tto 1667

34Lt03.2T
11.0T 10 17.4T

14.1Lt0B.3L
401010 2611

Bend Table

This table gives the value of pelvis and thorax forward/backward bend for the address, top,
impact and finish positions in the swing, measured with respect to a horizontal plane. Fis
forward and B is backward. These are angles and are measured in degrees.

Side Bend Graph

This is a graph of the side to side bend angles of the pelvis (red) and thorax (green) through the
whole swing; measured in degrees. Side Bend is calculated using the angle below or above
horizontal of a line passing through the segment from the left to the right; this line follows with
the segment and is always measured below or above the horizontal plane. T is bending fo the
frailing side (right side low for a right handed golfer) and L is bending fo the leading side.

Side Bend Table

This table gives the value of pelvis and thorax side to side bend for the address, top, impact

and finish positions in the swing, measured with respect to a horizontal plane. T is bending to
the frailing side (right side low for a right handed golfer) and L is bending fo the leading side.

These are angles and are measured in degrees.

N
CER
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& ¥ F4T BiovecHANICAL] Dynamic Range of Motion

Dynamic Range of Motion The first two values are the max values
of the parameter in each direction (max
and min) and the final value is the fotal

Hleac Angles (dey) angle tfraveled (range). For example,

Rotation |10 C [22C 10 8C [73 0 80010870 [33 [521ta 116 . ; .

Bend |38 12B101F [48F [47F t0B3F |51 |53t069 pelvis rofation would be; max backswing
Sids Bend 101 |17Lta5L |36 T [37Tta51T |46 |46 toBS value, max follow through value and the
Thorax Anglas (deg) total rotation that the pelvis made during
Rotation |57 C |98C to B5C [125 0 139010 1610|222 [229 1 255 i )

Bend 290 [44B10298 [45F |FtoddF |75 BB to 04 the swing. The range value will always be
Side Bend 411 40Lta28L (50T 43Tto 86T |91 [75t034 (value 1) + (value 2) if the directions are
zei\ﬂf Angle;moeg)smt 44C [85 0 380 to 1160 (133 147 ta 168 opposite (€.g. pelvis rofation) and (value
Bend 3B |BBto3F |22F [14Ft028F |25 18tn 29 1) — (value 2) if the directions are the same
Side Bend |12L |MLta7L 14T [BTte14T |26 |181026 (e.g. elbow flexion). This way the last

eck Angles (deg) number always represents the maximum
Rotation 50 C [70C t054C [73 0 58010790 133 [12510 147 ) o

Bend 7E 1Et1F [14F [14F1030F |21 191035 excursion of the joint or segment. Note that
Side Bend 1AL [22Lte 11L 1T |3T1a16T 16 |17ta 36 the max and min values don't necessarily
Lead Shoulder Angles (de0) occur af address, top, impact or finish; they
Elevation 142E 170Bto 1368 |11 A [0Bto 154 [153 14310179 : .

Horizontal Adduction (42| |371to 801|129 1 1331101701 |37 |87 to 128 can occur anywhere in the swing. These
Spine Angles (deg) measurements give the reader and idea of
Rotation 41C 53010 41C [47 O (2900 480 |00 [75t0 96 how far that joint or segment moved during
Flexion-Extension (26 F 12F to 27F (9 E |37Eto 18E |35 |39 to 56 .

Side Bend 191 22LtaBL (34T |34Tto48T |54 |47 to BB the swing and could be compared fo the
Fomeard ik I3F 26F1037F [19F |14F 10 21F |14 |10t 18 actual passive range of motion; physical
Sids Tilt 4F 1BtoAF  |32F |23F 0 31F 29 [21ta 3

limitations may show up in this wawy.
Only the angles that have not been described already will be explained.

Lead Shoulder Elevation
This is a measure of how high the arm is albbove the shoulder line; measured in degrees. B is
arm below the shoulder line and A is arm above the shoulder line.

Spine Angles Table

Rotation

This is the rotation of the thorax with respect to the pelvis as if the pelvis and thorax were
orought together o rotate about the same center and a camera on the pelvis looks directly
up at the thorax. Note that the motion of the thorax is in relation fo the pelvis; the thorax angle
discussed earlier is the thorax with respect to the global or world coordinate system.

Flexion-Extension

This is the forward and backward bend of the thorax with respect the pelvis. Flexion (F) is
forward bend of the thorax with respect to the pelvis as is backward bend of the pelvis with
respect o the thorax. Extension (E) is backward bend of the thorax with respect to the pelvis as
is forward bend of the pelvis with respect to the thorax.
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Spine Angles Table

Spine Angles (deg) .
Ratation 41 C |63Cto41C |47 O 29010 480 G2 |75 to 96 Slde Bend

Side Bend 190 |22Lto 8L (34T |34Tto 49T |54 |47 to BB

Side Tilt 4F  |1Bto4F 23F to 31F 21 to 31

Forward Tilt
This is the angle of a line drawn from the center of the thorax (between AC joints) to the center
of the pelvis (between the hip joints) as looked at from a down the target line view; as if the
spine were rigid. This is typically used to see how the golfer is maintaining the primary spine
axis. A six-degree-of-freedom system is needed to measure this angle because the positions

7 ﬁ I 35 BIOMECHANICAL ANALYSIS

Dynamic Range of Motion

Trail Elbow Angles [deg)
Flexion-Extension [179F [163F to 172F [63F [65F ta72F (115 (9410113 |

Trail Wrist Angles (deg)

Rotation 5593 [M0StoB7S 24 P |50P to26F B3 |77 to 106
Flexion-Extension [20E [13Et035E B4 F BOF to 54F B9 74 to 96
Deviation 4590 |37Ute 50U 2U 1SRto2U 47 |42 to B4

Trail Hip Angles (deg)

Rotation 331 Z7lte 41l [1E [J2Eto 14E (34 |4Bto BB
Flexion-Extension 47 F (35F to 49F |10 F |8E to 4F 37 |37 to 51
Abduction-Adduction 130 4D to120 |20E (266 to 20B |34 |27 1037

Trail Knee Angles (deg)
Flexion-Extension |71 F |45F to B4F |27 F |15F to 25F |45 |26 1042 |

Trail Ankle Angles (deg)
Flexion 130 |90 10160 45 F 44Pto30P 55 |42t 57
Suppination-Pronation 203 12510245 |93 3P toBS M 1to22

Lead Elbow Angles (deg)
Flexion-Extension |179 F [186F to 175F |75 F [41F taBaF [104 [101 10 130

Lead Wrist Angles (deg)

Ratation 97 5 [7151t0 1045 |35 P |48P to 25P 125 |109to 140
Flexion-Extension |9 F  |4E to 18F 42 E |E2Eto 40E 50 |48 to B3
Deviation S50 (330U tes4l (4R [2IRto SR B2 |52 1063

Lead Hip Angles (deg)
Ratation 171 3ltes6l  7OE |SBEto37E |55 |79 to 101
Flexion-Extension 35 F 31Ftod6F BF [3Fto15F (32 (221036
Abduction-Adduction (14D 7D to 150 |28 B 336 to 226 42 (331044

Lead Knee Angles (deq)
Flexion-Extension [39 F [37F to 50F [3F [1F to 10F (36 [31to M |

Lead Ankle Angles (deg)
Flexion 140 14Dto22D0 3P 13Pto0P |16 |17 to 33
Suppination-Pronation 45 11510243 9P [2Pt085 |13 10to 18

Flexion-Extension 26 F [12Fta27F |9E |37Eto 18E |35 |39 to 56 This is the side to side lbbend of the thorax with respect
Forward Tilt 33F |20F1037F [19F |14Ft021F |14 [10to 18 the pelvis. Tis bending to the frailing side and L is
bending to the leading side.

of the center thorax and
center pelvis are needed.

Side Tilt

This is the angle of a line
drawn from the center of the
thorax (between AC joints)

to the center of the pelvis
(between the hip joints) as
looked at from a face on
view; as if the spine were rigid.
This is typically used to see
how the golfer is maintaining
the secondary spine axis. A six-
degree-of-freedom system is
needed to measure this angle
because the positions of the
center thorax and center
pelvis are needed.

TPI Certified Golf Fitness Instructor - Level 2 Biomechanics e Ea‘?%ﬁW)
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TPI-3D COMPREHENSIVE BIOMECHANICS REPORT REVIEW

Pages 14. 15. 16. & 17:

Position at Events of Address. Top. Impact and Finish

Four pages are & 54 FUT BIOMECHANICAL ANALYSIS

dedicated to giving
information about the Position At Address
body positions at the
important points (events)
in the swing; one page
each for address, top of
backswing, impact and
finish. Each page has b
a top view, target line
view and face on view

S * 1
of the golfer's image at -
that event. It also has
the pelvis, thorax and
spine angles for rofation, | At @ Angles (¢e)
. ! Pelviz Tharax Spine

bend and side bend; Rotaion |1 C  [2CteB0 [190 7010140 Rotation 190 |30t 150
meosured in degrees Bend 22F |13F to 26F |41 F 28F to 40F Flexion-Extension 25 F |9F to 24F

' SideBend 2T  [3Lto3T [19T  11Tta 17T Side Bend ST [BT1o 14T

plus the values of sway,
thrust and liff; measured
in inches.

7 P9 FUT EBIOMECHANICAL ANALYSIS

Position At Top

Y

';:';.’_"!P

Angles (deg) Angles (deg)
Pelvis Tharax Spine
Rotation |52 C 550 t039C 87 C  97C to 83C Rotation 39 ¢ |80C to 37C
Bend 14F |10Fto23F 5F 4B to 7F Flexior-Extension (15 F |05 to 15F
Side Bend |11 L |14LtoBL |41 L  40Lto28L Side Bend 19L |[21LtosL
, s =
TPI Certified Golf Fitness Instructor - Level 2 Biomechanics o mm)
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TPI-3D COMPREHENSIVE BIOMECHANICS REPORT REVIEW

Pages 14. 15. 16. & 17 cont.:

Ve o £/ BIOMECHANICAL ANALYSIS

Position At Impact

330
\
Angles (deg) Angles (deg)
Pelvis Thorax Spine
Rotation (250 29010480 |27 O 200 to 3680 Rotation 1C 19C to BC
Bend aF 1Bto 11F |25 F 18F to 28F Flexior-Extension 20 F  |2F to 19F
Side Bend [13T  BTto 12T |33T7  |26Tto 36T Side Bend 24T 23T to 34T

7 P9 FU4T BIOMECHANICAL ANALYSIS

Position At Finish

B,
= }6
;,
L. -
Angles (deg) Angles (deg)
Pelvis Tharax Spine

Rotation 350|970 to 1150 133 0 |1380 to 1590 Rotation 450|280 to 440

Bend 4 F 0B to 14F 27TB  |3BBto24B Flexion-Extension 3B |35B to 17B

Side Bend |4 T 2Lto 5T 20T  |OLto 15T Side Bend T 17T to 32T

TPI Certified Golf Fitness Instructor - Level 2 Bioechanics o &‘5’;@
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