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Loading strategies and 
Chiropractic management for 

connective tissue injuries

Brian Healy, DC, MPT

2025 GLOBAL SYMPOSIUM

Objectives

➢ How can chi ropractors m ax imal ly benefit 
athl etes for rehab and perform ance 
s pecif ically  of connective tis sue?

➢ Revi ew the impact of  C T inj uries
➢ D iscus s comm on practi ces  in rehab and 

performance
➢ Revi ew our understanding of  connective 

tiss ue architecture and m echanical  
force propagation?

➢ How can we m atch rehab and 
performance l oading  plans to produce 
s pecif ic adaptati ons ?

➢ Benefits  of the Sports Chiropractor 
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Sports Injury 
Prevalence
• Connective Tissue I njury  rates 

continue to rise
• Lig ament ( AC L, UC L, PCL,  

MCL, ATFL)
• Tendon ( Achi lles , Patella,  RT C, 

Hamstring)
• Muscle Strai ns

▪ 1 i n 8 s train injuri es were 
of skeletal muscle

▪ strain injuries occurred at 
junction to coll agenous  
connecti ve ti ssue with 
maj ority occurring at MTJ

▪ Wilk e et al  2019

Tong et al 2023

CT injuries 
plague 

athletes

Hamstring Injury Trend

NFL  – on  ave ra ge 17 6 
p er  s eas on

M o st c o m mo n  i n ju ry

7 5 % o f inju rie s re s u lt s in  
m iss e d  p la yin g  tim e  

2 0 21  NF L  la u n c h ed  4  m illio n 
d o llar re s e arc h  p ro jec t with  

Un iv ers ity  o f W isc o n sin

M LB

2 0 11  - 1  in  e ve r 3 9 g a me s  

2 0 16  - 1  in  e ve ry  3 0  ga m e s

UEF A E lit e Foo tb all Club

T he  p ro p o rtio n o f inju rie s 
d ia gn o s ed  a s h a m str in g  in ju rie s 
in cr ea s e d  fro m  1 2%  in  2 0 0 1 /0 2 

to  24 %  in 2 0 2 1/ 22 .

Aro u n d  1 8 %  o f a ll  re p o rte d  
h a m strin g  in ju rie s we re  

re c u rre n ce s  w ith  o v e r tw o-
th ird s o cc u rri ng  w i thi n 2  mo n th s  
o f th e fo o tb a lle r’s  ret ur n to  p lay  
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The Cost of 
Performance 
is Health

Common Practices Of Strength and 
Conditioning

Go als

Improve Strength

Improve Power

Improve Endurance

Improve Mobility

Practices

• Target Mu scle G roups

• Target Mo tion
• (Ho r Pu sh/Pull, Vertic al Pu sh/Pu ll, 

Ca rry, S qu at, Hinge, Lu nge)

• Sport Specific

Common Practices of Rehab

Go als

Goal of r ehab is oft en 
pain  r educt ion

Re hab has focused on 
a goal of  f unctio nal 

restorat ion but  has not 
been defined

Practice
• Com mon Exercises fo r Muscle 

Groups
• Functional Exercises 
• Corrective Exercises

• EMG based
• Motor Pattern 

• Protocols (AC L, RTCR, etc)
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New Frame of Loading Practices

• Goa l is ba lanc e of st ru ctu ral/ arc hite ctu ral c han ges, n eur al 
ch ange s, an d tissu e be havio r ch an ges

• Con nec tive Tiss ue ar chit ect ur al ch ange s t ha t occ ur  
fo llowin g spe cific lo ad ing

▪ Ma ter ial - Com p ositio n, c ross  l inkin g, et c
▪ Mo rp hol ogica l  - CSA

• Mu scle  c han ges 
▪ Sa rco me res in  serie s or  in  par alle l

• Neu ral c han ges
▪ Can  occ ur a t level  o f co rte x, spin al co rd,  and  

NMJ
▪ inc rea sed c ent ral m ot or  d rive,  elevat ed 

m oto ne uro n excit abi lity, an d red uc ed 
pr esyna pt ic inh ibiti on

New Framing of Training

Skill is  an emerging outcome 
and are dependent on the parts 

of the system

• Sports skills  ie (shooting, 
dribbling, throwing)

• Movement
• Strength

Strength emerges from part s of 
the syst em

• Anatomy
• Neurology
• Endocrine
• Physiology
• Immunological
• Biochemical

Anatomical and Physiological Considerations

Co nt inu ity  o f c on nec ti ve 
t issu e is b eyo nd  ou r 

p rev iou s exp ec tat io ns

In  ser ies  arc hit ec tu re Fu nc tio na l un it  o f t he  bo dy Co nn ect ive t issu e is  a ri ch 
so ur ce  f or  af fer en t 

fe ed ba ck 

v an  de r Wa l  J.  T he  a rch itec tu re  o f th e  c o nn e ctiv e ti ss ue  in th e  mu sc u lo sk e le ta l  

sy ste m-a n o fte n  o v er lo o ke d  fun c tion a l p a ram e te r as  to  p ro pr io c ep tio n  in  th e 

lo co mo to r a pp a ra tu s. In t J T he r M as sa ge  B od y wo rk . 2 0 09  De c 7 ;2(4 ):9 -2 3. d o i: 

1 0.3 8 2 2/ ijtm b .v2 i4.6 2 . P M ID: 21 5 89 7 4 0; P M C ID: P M C 30 9 1 47 3 .
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Anatomical and Physiological 
Considerations

• Mech anotr ansduc tion / Mech anobio logy
o Lon gitu dinal  For ce Tra nsmi ssion

o has bee n focus on m any biom echan ical mo dels dem onstra ting collagen alo ng wit h basal lam ina creat e shear linkage be tween 
mu scle fiber s an d tend on

o Lat eral  F orc e Tr ansm issio n 
o The ECM  intr amuscular connective tissue (IMCT)  net wor k allows forces t o b e distribut ed acr oss the muscle, reducing str ess on individ ual 

fibers Lateral force transmission also helps to:
o Synchronize t he co ntraction of fibers that may be activated at different times or to varying degrees.
o Maintain fiber alignm ent and st ructural integrity.
o Allow force generation even when some fib ers are damaged or interr upted during growt h.

• Zhan g, C., an d Gao, Y. (2012) . Finite elem ent ana lysis of m echanic s of  lateral t ransmissio n of forc e in  sin gle  m uscle fib er. J. Bio mech. 45, 20 01–
2006 . doi : 10.1 016/j.jbiom ech. 2012.04 .026

Behaviors and Structural Adaptation

• Maxim al Forc e Produ ction
• Ne ural d rive
• Musc le CSA
• EC M arch itec ture

▪ Abili ty to tra nsfer forc e efficie ntly
▪ Affere nt fee db ack c an alte r excita bili ty of m oton euro ns a t 

spina l/co rtica l level affec ting fo rce prod uc tion

Behaviors and Structural Adaptation

• Rate o f Fo rce Prod uction
• Pe nna tion  an gle
• Lon g mu scle length  (sarco mere s in  series)
• Musc le Fib er C omp osition
• Te nd on Sti ffn ess/Elasticity
• Musc le CSA
• Ne ural d rive



3/6/2025

6

Behaviors and Structural Adaptation

• Stiffness  / Elasticity
• Tendon 

▪ Structural C hanges

• Increas e in cros s-s ectional area
▪ Material C hanges

• C omposi ti on
• C ros s l inki ng
• Fiber al ignm ent
• Hydration level s

• IMC T

▪ Increas ed coll agen
▪ density
▪ Orientation

Wohlgemuth et al 2023

Loading Variables

Typ e
Is om e tric , Co n ce n tric , 

E c ce n tric

In te nsi ty
%  o f 1 RM

Dir ec tio n
An g le  Sp ec ific  (Sh o rt 

v s L on g  Mu s c le 
L en g th )

Tem p o
Re p e tit io n  (e xa m p le 

3 :1 :3)

Po we r 

Plyo m e tric

Is om e tri c s  

Du rat io n
T UT

Vo lu m e
T ot al fo r se s sio n

T ot al p e r t is s u e p e r 
s es s ion

Fr eq ue nc y
S ti m u la ti n g , D e 

tra in ing  , r e tra in ing  

Isometrics 

• Hig hly vers atile
• Pain modulation
• Control rang e of  motion for specifi c tis sue loading
• Muscle hypertrophy –

• Stimulates  col lagen s ynthesis and sarcomerogenesis
• Increased hypertrophy at l onger mus cle lengths

• Varying  practical application bas ed on type
• HIMA vs PIMA
• Ball isti c Catches  and Puls es
• Neuromuscular adaptation for rate of  force development through bal listic isometrics

• Load is distributed throug hout the tissue ( Baar 2019)

Oran ch u k DJ, S to rey  AG, Nelso n  AR, Cro nin  JB. Iso me tric trainin g an d lo n g-term  a da pta tio ns : Effe cts of mu sc le  le ngth , inte ns ity , an d inte nt: A sys te ma tic  re view.  S ca nd J Med  S ci  Sp orts. 20 19  Apr;29(4):48 4-
50 3. d oi: 1 0.1 11 1/sm s.13 37 5. E pu b 20 19  Ja n 13 . PMID: 3 058 04 68 .
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Plyometrics

• Increase tend on stiffness
• Increase fascicle length
• Increase muscle CSA
• No difference in muscle stiffness

• Ra míre z-d ela Cru z, M., Bra vo -Sán c he z, A., E ste b an -Ga rc ía , P. e t a l. E ffec ts o f Plyo me tric T rain in g  o n  L ow er Bo dy  M us c le  Arc h ite c ture , Te nd o n  Stru ctu re , Sti ffn e ss  a n d  Ph ysic al 
Perfo rm an c e: A Sys tem a tic  Rev ie w an d  M e ta-a na lys is . Spo rts  M ed  - Op e n8, 40  (2 0 22 ). h ttp s://d oi.o rg/1 0.1 1 86 /s4 0 79 8-0 22 -0 04 3 1-0

Longer Muscle Length

• Sarcom erogenesis in series
• Increased fascicle lengt h
• Increased t en don stiff ness
• Increased t it an stiffn ess
• Increased m otor  unit efficiency recruitm ent

O r anc huk  D J , St o re y AG ,  N el so n AR ,  C r oni n J B.  I so m et r ic t r ain in g a nd l ong -t er m  ada pt at io ns:  Ef fe ct s of  m u scl e le ngt h,  i nt en si ty , and  i nt en t:  A syst em a t ic r evi ew . Sc and  J  M e d S ci  S por t s.  2 019  Ap r ;2 9( 4) :4 84 -50 3.  do i:  1 0. 1111 / sm s. 133 75.  Ep ub  
20 19 J an 13.  PM I D:  3 058 046 8.

Internal Attention Focus

• Eviden ce to su pp ort a ctivating sp ecific musc le tissu e
• Co nsciou sly c re atin g load in g in  sp ecific a reas o f the  tissu e
• Ca n b e impro ve d b y vario us fe edb ack m ech anisms (verb al and  

ma nua l cueing

Atten tio na l  F oc us  Cu e in g:  Ho w an d W he n to Use  In tern al  an d E xtern al  Fo cu s Cue s to Op tim iz e E xerc i se  P erfo rma nc e,  Nov em be r 2 0 21 , ACSM ʼs He alth & F i tne ss Jo urn al 2 5(6 ):3 3-4 1

https://www.researchgate.net/journal/ACSMs-Health-Fitness-Journal-1536-593X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
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Tempo

• Slow t empo creates shear stress near the MTJ
• Slow loading prov ides strain, reduces cross bridging, can 

promote loading into tissue that are stress shielded

W ilk  M, Z aja c A, T u fa n o JJ. Th e In flu e nc e  o f M o ve me nt T em p o Du rin g  Re sista n ce  Tra inin g o n Mu sc u lar Stren g th a nd  Hyp e rtrop h y Res po n se s: A Re vi e w. Sp o rts Me d. 2 02 1  Au g;5 1(8 ):1 6 29 -1 65 0 . 
d oi : 10 .10 0 7/s 4 02 7 9-0 21 -0 14 6 5-2 . E pu b 2 02 1  M ay  2 7 . PMID: 34 0 43 1 84 ; PM CID: PM C83 1 04 8 5.

Frequency 
and 
Volume

All prot ocols produced increased tendon st iff ness, 
no superior  prot ocol, m ost change happened in first  

8 weeks due to mat er ial changes in tendon

5 prot ocols vary ing in frequency (sessions per  week) 
and volume (TUT) - 90% MVC, 4.5-6.5% st rain

Low Freq uency, 
Low Volu me – 

2.5 session s,  3  
min  p er session

Low freq uency, 
High Volum e

Mod erate 
Freq uency, 
Mod erate 
Volu me

High Frequ ency, 
Low Volu me

High Frequ ency, 
High Volum e – 5 
sessions, 5 m in 

per  se ssio n

Tsai et al 2024

Practical Loading of Tendon (IMCT?)

• Te nd on reha b a nd con dition in g resea rch is m ore robu st tha n IMCT
• A sign ificant amo unt of mu scle strain injuries a re related  to  IMCT – (W ilke et al 201 9)
• Te nd on ada pts b est to  high lo ad high  strain 

• Material/Modulus  chang es occur in weeks /m onths
• Morphol ogical/C SA chang es  occur in m onths /y ears
• L ower load/s train s houl d be cons idered to match injured tendon heal ing s tag e

• Te mpo
• Is ometri c/s low isotonic ex ercis es  im prove m aterial/modulus  and CSA

• Jo int  angle  can  a id in  sp eci fic tis sue lo adin g
• Rapid exercis e/pl yometrics increas e stif fnes s and im prove elas tic/storag e property  of  C T
• Rate of  Force production should m atch tendon quality to reduce injury ris k through jerk

La za rc zu k S L, M a nia r N, Op a r DA, Du h ig  S J, S h ie ld  A, B ar ret t R S , B o u rn e  M N. M e ch an ica l ,  M a te rial  an d  M or ph o lo gica l  Ad a p tatio n s o f H ea lth y Lo we r L im b  Te n do n s to  M ec h a nica l  L o ad ing : 

A Sy ste m atic  R e vie w a nd  M e ta-An aly sis.  Sp o rts M e d . 2 0 22  Oc t;52 (1 0 ):2 4 0 5-2 42 9 . d o i: 10 .1 00 7 /s 40 2 7 9-0 22 -0 16 9 5-y . E pu b  2 02 2  Ju n 3 . P M ID: 35 6 5 74 9 2 ; P M C ID: P M C 9 47 4 51 1 .
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Practical Loading of Tendon (IMCT?)

• Te nd on can be stimu la ted in  5-10  min

• Loa d magnitud e c an var y
• Refracto ry pe riod  o f ~6-8 hou rs b efore a noth er stimu lu s (pa xto n et al 201 2)

Tendon vs Muscle Training

• Coordinati on muscle strength tendon sti ffness  - Arampatzi s et al 2020
• ~200 athl etes  performed MVIC  (average of  5 reps )
• Achil les and Patel la strain %
• 4.5-6.5% was s ug gested as ideal  tendon strain during MVIC

• Individualized tendon loading protocol - Domroes et al 2024
• 14 handball athletes and provided %MVC target based on tendon s trai n of  4. 5-6.5%
• Incorporating a speci fic tendon loadi ng  protocol  to induce tendon strain may benefit 

tendon stif fness and provide protection of  athletes

Connective 
Tissue 
Injuries

Loa d >  Ca pac ity

• Fo rce p rop agated  thro ugh  tissu e > tissu e load in g 
be aring ca pac ity
• Imba lan ce of forc e gen eratio n (n euro lo gica l 

dr ive) to biologic al tissu e ab ility to  ab sorb  an d 
dissip ate fo rce

• No t en ough  rec overy time 

Exce ssive Lo ading (Overuse )

• Stre ss Sh ie ld ing
• Inad equ ate degree s of fre edo m
• Mic roin ju rie s in  tissu e

Un balan ced  Loa ding
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Stress Shielding
• St ress shiel ding i n tendon s occur s  when weaker  tis su e region s ar e pro tected fr om 

mechani cal st ress b y surr oundin g, s tron ger ti ssues .

• Cellu lar Level:

o St ress shiel ding causes  the f ibrob last  dens ity in  the mi d-subs tance of  the tendo n 

to r apidly  increase, sugges ting  an attemp t at tis sue rep ai r und er red uced 
mechani cal load.

• Molecu lar Level:

o Teno cy tes under r educed lo ad  downr egulate gen es  r elated to matri x synthes is , 

such as  those encodin g collagen  I and d eco rin. T his  weakens  th e ex tracellu lar 
matr ix ( ECM)  and contr ibut es  to  the pr ogress ive loss  of mechanical pr oper ties

o St anczak  et al 202 4 .

Chiropractic Management of Connective 
Tissue Injuries

• Manual as sess ment of tis sue
• Soft tissue fi nding s – 

• Abnormal  rel ati ve gli ding
• Abnormal  tension to leng th 

• Abnormal  afferent feedback
• Decreas e ef ficiency to absorb/transfer force

• Soft tissue manual inputs
• Create s pecif ic submaximal  external  l oad on tissue
• Provide af ferent feedback  for cuei ng of subs equent exercis e

Chiropractic Management of 
Connective Tissue Injuries

• Facilitat e loading of specific tissue by
• Red ucing guard in g
• manual blocking d uring loading
• Verb al and manual cueing du ring loading
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Thank you
Drbrianhealy@ outlook.com


