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 Physical therapists may observe individuals with plantar flexion (PF) contractures 

(gastrocnemius/soleus/Achilles tendon contractures) in virtually every clinical setting.   

PF contractures are common in neurological populations such as those with Multiple 

Sclerosis (MS), stroke, spinal cord injury (SCI), traumatic brain injury (TBI), Charcot–

Marie–Tooth (CMT), or cerebral palsy (CP), but they may also develop in individuals 

with rheumatoid arthritis, burns, diabetes, post-surgical, or those with reduced activity
,2,12, 

13
.   These impairments deserve special attention because PF contractures are associated 

with impaired balance, falls risk, dependency on mobility aides, reduced social and 

participatory engagement, reduced quality of life, and a variety of other lower extremity 

(LE) pathologies, including plantar fasciitis, muscle strains, neuroma, shin splints, 

metatarsalgia, patellofemoral syndrome, IT band syndrome, and stress fractures
 3-6

.  The 

pathophysiology of PF contractures will be reviewed with special focus given to those 

with neurological diagnoses.  LE kinematics and kinetics that  develop as a result of PF 

contractures will also be explored.  Finally, a number of treatment options for PF 

contractures will be reviewed. 

Pathophysiology of PF Contractures:   

 For individuals with neurological diagnoses, research demonstrates that both 

neural and non-neural mechanisms contribute to PF contractures
7-9

.  Furthermore, there 

are both lesion-dependent contributors to PF contractures and changes that result from 

inactivity
7
.  In the first few weeks following a neurological insult, various deficits in 

motor planning or execution can be impaired depending on the affected structures.  

Immediate paresis will develop if lower levels of central voluntary motor command are 

affected such as the primary motor area, corticospinal tracts, or the motor unit itself.  
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Lesions in these areas will cause reductions in mean and maximal discharge rates of 

motor units in addition to reductions in the total number of motor units.  With a loss of 

voluntary activation, individuals will experience perceived weakness, increased 

effort/fatigue with movement, and diminished maximal voluntary power
7
.  Reductions in 

protein synthesis may also occur within the first six hours of immobilization, contributing 

to muscle atrophy
7,9

.   Eventually, higher-level changes can be observed, including 

impairments in movement imagination, motor representation, and sensation of the affect 

limb
7
.   

As a result of these processes, the affected soft tissue structures are subjected to 

inactivity and immobilization in shortened positions, which initiates the development of 

contractures
7-9

.  With a reduction in muscle tension, histological changes can be observed 

including a loss of sarcomeres, accumulation of connective tissue and fat within the 

musculotendinous junction, and morphological changes in the distribution of type I and 

type II muscle fibers
7,8

.  Research does not demonstrate a consistent change in phenotype.  

An initial change to type II muscle fibers with a reduction in vascular density occurs in 

these fibers, but spasticity demonstrates a preference towards type I fibers (greater type I 

fibers are demonstrated in the gastrocnemius for those with plantar flexor spasticity)
7,9

.  

Reductions in normal weight bearing such as the development of abnormal gait 

mechanics (as we will observe in the next section) also result in a catabolic response 

consisting of muscle fibre atrophy, muscle cross-sectional area, and bone mineralization
7
.  

Greater proportions of endomysial and perimysial connective tissue are observed in 

addition to irregularly-oriented collagen fibers, which contributes to the stiffness of these 

tissues.  There is debate as to whether muscle or tendon tissue contributes more to the 
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shortening
7,10,11

.  Over time, cortical rearrangement/plasticity occurs via collateral 

sprouting, leading to an increased gain of the muscle spindle and muscle overactivity 

(spasticity).  This process further contributes to tissues being immobilized in shorted 

positions and additional structural/histological changes
9
.  The loss of extensibility of the 

plantar flexors also implies that the dorsiflexors have to exert more contact forces to 

overcome the increased stiffness, further contributing to exertion, fatigue, and 

inactivity
7,8

.  For a graphic illustrating these processes, see the appendix.   

Effects of PF Contractures on Gait: 

 A review of the literature regarding kinematics and kinetics of individuals with PF 

contractures was conducted to establish the overall impact on gait.  After conducting the 

search, seven studies measuring these parameters in individuals with PF 

contractures
5,6,13,14,18

 or simulated PF contractures with an AFO/exoskeleton
15,16

 were 

identified.  Two additional studies regarding gait kinematics and kinetics for individuals 

with MS were also reviewed
,17

, as it has been shown that around 29-44% of individuals 

with MS have PF contractures
3
.  The research review included individuals with CP

14
, 

CMT
13

, stroke
18

, and individuals without neurological disability
5,6,15,16

.   Expected effects 

of PF contractures include fluctuations during initial contact when the ankle is in neutral 

before eccentrically plantar flexing and more notably during mid and terminal stance 

when the ankle moves into dorsiflexion (DF) for tibial advancement (ankle rocker).  A 

premature pre-swing phase was also anticipated as an individual with an PF contracture 

would not be able to maintain a neutral positioning as the joint reaction force moved 

anterior to the ankle joint (for a review of the gait cycle and the associated ankle angles at 

each phase, see the appendix).  After reviewing the studies collectively, a range of 
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impairments were observed for various diagnoses.  A few commonalities emerged but the 

majority of the findings were heterogeneous between studies.  Due to the various 

influences of weakness, spasticity, sensory loss, and paresis on these different diagnoses, 

this is not surprising.  To make comparisons easier, stance was broken down into three 

parts:  initial, mid, and late/terminal stance.  The limitations of this approach are 

acknowledged, as different kinematics and kinetics are observed at each phase (the 

difference between initial contact and loading response for the knee joint for example).  

The results of the research review are summarized by study on the following page and by 

impairment in the appendix.  Some of the terminology was modified in this latter 

summary for easier reading.  For instance, decreased knee extension is comparable to 

increased knee flexion.   

 The majority of the investigators reported increases in PF angles throughout 

stance, though a few studies reported a reduction in PF during late stance
4,13,17

.  Two of 

these studies included individuals with MS
4,17

; the percentage of participants with PF 

contractures is not reported in these studies, and the participants were composed of 

individuals with mild  to moderate MS.  Without ankle ROM measurements, it is difficult 

to make definitive conclusions about these studies.  Increased PF throughout stance is 

associated with decreased shock absorption during initial stance (by limiting knee flexion 

during weight acceptance), crouch gaits (increased hip and knee flexion throughout the 

gait cycle), absence of the heel and/or ankle rockers, and decreased tibial 

advancement
19,20

.  In addition, deviations in swing include toe-dragging and hip 

deviations to clear the ankle
19

 (such as increased flexion, circumduction, or hiking).  

Reduced PF torque was also observed in several studies
4,13,14,16

, and additional research  
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demonstrates the prevalence of this deformity in individuals with neurological 

impairments
12,21,22

.  Some research suggests that PF torque is related to DF range of  

motion (ROM), and both of these contribute to PF moments and power during gait
12

.    

 Several deformities were observed at the knee joint.  A few studies demonstrated 

decreased knee flexion/increased knee extension throughout stance
14,15,17

.  Excessive 

knee extension and even “extension thrusts” (forceful thrusts of the knee into extension) 

are commonly observed in individuals with neurological impairments as a result of 

quadricep weakness, quadricep and/or PF spasticity, PF contractures, or decreased knee 

proprioception
20

.  During weight acceptance, excessive extension decreases shock 

absorption and interferes with forward progression.  However, these adaptions allow the 

tibia to advance during mid-stance rather than initiating a premature toe-off
20

.  

Conversely, several studies in the review demonstrated increased knee flexion throughout 

stance, most notably at mid-stance when the ankle requires the greatest amount of 

DF
5,6,15

.  Chimera et al.
5
 observed that ankle DF and knee extension are coupled motions 

at this phase, so it is not unexpected that one would compensate with a flexion stance.  

Another possible explanation is that individuals with neurological diagnoses frequently 

have knee extension weakness, and the knee flexors activate to prevent knee instability 

(hyperextension)
5
.  Hamstring tightness/spasticity would also contribute increased knee 

flexion.  In addition, a “crouch gait” pattern is typical for individuals with CP, 

characterized by increased knee and hip flexion throughout stance.  As the knee extends 

during mid and terminal stance, the foot quickly moves into an equinas position
21

.   

 The most prominent hip impairment included a reduction of hip extension ROM 

and hip flexion torques during late stance.  With decreased tibial advancement, the hip is 
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unable to extend, further limiting advancement (though, this deformity could be reduced 

with excessive knee hyperextension).  As the ground reaction force moves posterior to 

the ankle, the individual has to initiate pre-swing prematurely, flexing the hip and knee.  

The decreased hip torques could be a result of weakness in these populations.   

Six of the reported studies demonstrated decreases in gait velocity, cadence, and 

step length
4, 13-15, 17, 18

 while one study reported an increase in these parameters after 

simulating a PF contracture
16

.  Walking speed is a frequently-used outcome assessment to 

measure disability in various populations.  A variety of PF contracture-mediated 

impairments contribute to decreased speed, including a reduction in the DF angle or knee 

extension at heel strike, reduced tibial advancement/ankle rocker/knee extension/hip 

extension during mid and terminal stance (or a premature pre-swing), decreased push-off, 

and strength reductions that produce these movements (hip extensors, quadriceps, plantar 

flexors, and dorsiflexors).   

 Additional classifications of gait impairments were also identified by Perry and 

Burnfield
20

.  PF contractures are distinguished by three subtypes.  Individuals with 30 

degree PF contractures do not make heel contact throughout stance (unless knee 

extension is excessive) and demonstrate excessive knee flexion, decreased stride length, 

and toe drag during swing; heel and ankle rockers are absent as well.  Individuals with a 

rigid 15 degree PF contracture demonstrate a slower walking pattern with a flat foot 

during initial contact and a reduction of tibial advancement; however, knee 

hyperextension or subtalar eversion (opening the mid-tarsal joints) may assist 

advancement.  An elastic 15 degree PF contracture is also common—these individuals 

demonstrate an ankle rocker but not a heel rocker.  This contracture may facilitate a PF 
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assist during push-off, and subtalar eversion and toe drags are common.   Perry and 

Burnfield also acknowledge a possible synergy pattern for individuals with neurological 

diagnoses:  during late swing, the soleus and gastrocnemius activate in synergy with the 

activation of the quadriceps, contributing to a number of PF contracture-related 

impairments.  The most significant difference between this pattern and the PF contracture 

is that the ankle spasticity typically ceases during early-mid swing, allowing foot 

clearance
20

.   On the other hand, this pattern may not applicable to a number of 

individuals with neurological conditions, as several demonstrate DF weakness and/or an 

observable foot drop.    

Treatment of PF Contractures:   

 In terms of treatment for PF contractures, a universal solution cannot be 

recommended because of heterogeneity between populations (neuro and non-neuro 

alike).  A review of the research regarding PF contracture treatments was conducted, with 

emphasis placed on higher-quality studies and reviews.  The most commonly prescribed 

intervention for these individuals is stretching via splints, casting, positioning, or 

stretching programs, though a 2010 Cochrane review concluded that there is “moderate to 

high quality evidence that stretch (regardless of method) does not have a clinically 

important effect on joint mobility in people with neurological conditions”
23

.  The review 

conducted a meta-analysis on 35 studies (n=1391) and made the following conclusions 

regarding stretching interventions:  immediate  improvements (<24 hours) of three 

degrees based off of nine randomized control trials (RCTs) (moderate evidence; the 

authors referred to this improvement as viscous deformation of soft tissue structures), 

short term improvements (one to seven days) of one degree based off eight RCTs (high 
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evidence), and no long-term improvements (high evidence); no improvements were 

observed in pain, spasticity, or quality of life either.  The authors acknowledged other 

systematic reviews which demonstrated positive conclusions regarding stretching
24,25

, 

though these reviews included evidence from lower-quality studies and did not 

distinguish between short and long-term effects
23

.  In another Cochrane review, Rose et 

al. demonstrated similar results for night-splinting treatments involving individuals with 

CMT
26

.  A mean effect of around 3.3 degrees was concluded, though this conclusion is 

based off of only two studies (n=52)
27-28

.  The authors of the Cochrane review observed 

that the results were not statistically (or clinically) significant.    

 A number of high-quality RCTs which demonstrated positive results for 

conservative treatments were also reviewed.  Mosely demonstrated a mean improvement 

of 13.5 degrees of ankle DF following a one week program of serial casting and 

stretching for individuals with a recent TBI in an inpatient rehab unit.  Even though there 

were only nine individuals enrolled in this study, it still demonstrated statistically and 

clinically meaningful results (in a short period of time as well)
29

.   Though, other RCTs 

incorporating serial casting (in children with CP) did not produce statistically significant 

change for ankle contractures
,30,31

.  Ben et al. incorporated a 12-week positioning 

intervention for 20 individuals with a recent SCI.  The intervention consisted of standing 

on a tilt table for 30 minutes at a time, three times a week.  Even though the experimental 

group only improved an average of four degrees, the results were still statistically 

significant
32

.  Robinson et al. measured a similar positioning intervention (five times a 

week for 10 weeks) against a night-splinting intervention (seven nights per week) in 30 

individuals with a recent stroke.  At 4 and 10-week follow ups, there were mean 
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improvements of one and 3.5 degrees respectively (no statistical difference between 

groups).  Each of these studies demonstrated gains in individuals with acute neurological 

insults (TBI, SCI, and stroke).  The participants in these studies did not demonstrate 

remarkable ankle contractures; the average baseline DF measurement was around 12-14 

degrees.  Thus, it is possible that the long-term soft tissue changes in the 

musculotendinous interface regarding the reduction of sarcomeres and proliferation of 

connective tissue had not yet taken place; the tissues may have been less affected by the 

presence of spasticity as well.  Furthermore, early conservative interventions may be 

indicated to reduce the risk of developing a PF contracture.  An additional limitation of 

these studies is that they did not conduct long-term follow-up assessments.  Harvey et al., 

on the other hand, did assess long-term follow-up outcomes in six-month intervention 

incorporating passive movements (passively moving an individual into and out of the 

available ROM) for 20 non-ambulatory individuals with SCI (living in the community).  

These researchers demonstrated gains of two degrees of DF compared to a reduction of 

two degrees in the control group (95% confidence interval 2-6 degrees)
33

.     

 A number of other high-quality studies incorporating children with CP and/or 

idiopathic toe walking (ITW) were also reviewed.   Neto et al. conducted a systematic 

review comparing rigid and articulating orthoses for children with CP
33

.  Overall, the 

results varied between studies, though the authors concluded that both types of orthoses 

led to improvements in gait parameters (“velocity, cadence, step length, and stride length, 

as well as kinetic and kinematic differences in the ankle and knee”
33

), though they did 

recommend more rigid AFOs for individuals with greater spasticity and contractures.  

Botox is also a commonly prescribed intervention for these individuals (and individuals 
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with other neurological diagnoses), and research demonstrates long-term prevention of 

PF contractures with Botox combined with stretching
34

.  Surgical interventions such as a 

dorsal rhizotomy or a gastrocnemius recession may also be indicated.  Van Bemmel 

conducted a systematic review of ten trials (n=298) comparing conservative and surgical 

interventions for individuals with ITW
35

.  Ankle dorsiflexion improved around 3 degrees 

for conservative treatment compared to an average of 14 degrees for surgical 

interventions.  On the other hand, surgical treatment does not always result in long-term 

improvements in ROM and function as demonstrated by Manzur et al. for individuals 

with Duchenne muscular dystrophy.  Specific indications, recommendations, and 

associated risks for surgical interventions go beyond the scope of this paper.  

Collectively, a variety of options are available for preventing and reducing PF 

contractures, and a few additional observations can be made.  The greatest gains in ROM 

were observed in individuals who had not yet developed a contracture for a long period 

of time.  Once an individual has developed a rigid PF contracture, conservative 

interventions appear to be less promising.  Thus, prophylactic stretching (and perhaps 

surgery depending on the individual) is recommended.  Only a few degrees of 

improvement were demonstrated in the majority of the research, though perhaps those 

few degrees may reduce the progression of disability.  Maintaining ROM is certainly 

better than a reduction in ROM, which could contribute to additional gait deviations and 

increase fatigue for those who are ambulatory.  In addition, immobilization in a shortened 

position initiates a cascade of histological, metabolic, and neurological changes; thus, 

immobilizing in lengthened positions may reduce the effects of immobility
7
.   Some PF 

contracture-related impairments are exacerbated by strength deficits.  For instance, weak 
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quadriceps (common in neurological populations) may limit forward progression because 

one may lack full active knee extension in addition to decreased DF during heel contact.  

Thus, strengthening key LE muscle groups (hip and knee flexors/extensors, dorsiflexors, 

and plantar flexors) is recommended.  Recall the relationship between PF torque and DF 

ROM, which both may contribute to PF moments and power during gait
12

.  Finally, one 

could perhaps minimize the effect of a PF contracture simply by recommending a heel 

lift.  For those who may pronate to compensate for reduced sagittal plane ROM, a heel 

lift would provide protection from other LE pathologies including metatarsalgia, medial 

columnar collapse, IT band tension, piriformis syndrome, or frictional abrasion at the hip 

(contributing to OA)
37

.  One final observation is that all of the studies regarding treatment 

effects were RCTs.  Additional conclusions may also be developed from studies of lower 

methodological quality and are the subject of additional study.   

Conclusion:   

To conclude, PF contractures are a significant concern to individuals with 

neurological diagnoses and can contribute to a number of additional impairments which 

limit functional mobility.  Physical therapists have an obligation to educate individuals 

and caregivers regarding these impairments and the research regarding appropriate 

treatment.  As mentioned previously, special attention needs to be given to those who are 

immobile, and prophylactic interventions may be necessary.  The majority of this paper 

focused on individuals with neurological diagnoses.  The pathophysiology, gait 

deviations, and treatments certainly have some overlap with non-neurological 

populations.  The reader is recommended to conduct more in-depth research regarding 
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these impairments for specific populations to develop more disease-specific interventions 

and recommendations.   
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Appendix:   

 
The Development of PF Contractures in Neurological Populations

8 

 

  
Initial contact:  0° via internal DF moment of concentric tib ant 

Loading Response:  10° PF via internal DF moment of eccentric tib ant (heel rocker) 

Mid Stance:  5° DF via internal PF moment of eccentric triceps surae (ankle rocker) 

Terminal Stance:  10° DF via internal PF moment of concentric triceps surae (forefoot 

rocker) 

Pre-swing:  20° PF via internal PF moment of concentric triceps surae  

Initial Swing:  10° PF via internal DF moment of concentric tib ant 

Mid Swing:  0° via internal DF moment of concentric tib ant 

Terminal Swing:   0° via internal DF moment of concentric tib ant 

Adapted from the Pathokinesiology Service and the Physical Therapy Department:  

Rancho Los Amingos Medical Center
19 
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Gait Deviations by Impairment:   

 

Gait Parameters/Other:   

Decreased in gait velocity, cadence, & step length  

 Leung (simulated contracture) 

 Kelleher (MS)  

 Patikas (CP) 

 Õunpuu (CMT) 

 Huisinga (MS) 

 Mulroy (stroke)  

Increase in gait velocity, cadence, & step length 

 Matjačić (simulated contracture) 

Dec stance time on contralateral side 

 Patikas (CP) 

 Leung (simulated contracture) 

Increased power absorption during early stance 

 Patikas (CP) 

 Matjačić (simulated contracture) 

Dec power generation @ terminal stance/pre-swing 

 Õunpuu (CMT) 

 Patikas (CP) 

 

ANKLE KINEMATICS 

Decreased PF angle during early stance 

 Huisinga (MS) 

Increased PF angle @ mid-stance 

 Chimera (simulated contracture) 

 Patikas (CP) 

 Mulroy (stroke) 

Increased DF angle at mid-stance 

 Kelleher (MS) 

Decreased PF angle at late stance 

 Õunpuu (CMT) 

 Kelleher (MS)  

 Huisinga (MS) 

Increased PF angle at terminal stance 

 Matjačić (simulated contracture) 

 Patikas (CP) 

 Mulroy (stroke) 

Increased PF angle during swing 

 Matjačić (simulated contracture) 

 

ANKLE KINETICS 

Decreased DF torques throughout  

 Kelleher (MS) 
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Increased ankle work absorption  

 You (gastroc tightness) 

Decreased power absorption at early stance 

 Huisinga (MS) 

 

Decreased DF torques at early stance 

 Huisinga (MS) 

Increased PF torque during mid-stance 

 Matjačić (simulated contracture) 

Decreased power generation during late stance 

 Huisinga (MS) 

Decreased PF torque at terminal stance 

 Patikas (CP) 

 Õunpuu (CMT) 

 Matjačić (simulated contracture) 

 Huisinga (MS) 

 

KNEE KINEMATICS 

Decreased knee flexion angle throughout stance  

 Patikas (CP)  

 Kelleher (MS) 

 Leung (simulated contracture) (for those who put their foot flat) 

Increased knee flexion throughout stance 

 You (gastroc tightness) 

Increased knee flexion at late swing/initial stance 

 Kelleher (MS)  

 You (gastro tightness)  

 Leung (simulated contracture)…for those who demonstrated a toe-walking 

pattern 

      Increased knee flexion angle at mid-stance 

 Chimera (simulated contracture)  

 You (gastroc tightness) 

 Leung (simulated contracture)…for those who demonstrated a toe-walking 

pattern 

Decreased knee flexion during early swing 

 Mulroy (stroke)  

 

KNEE KINETICS 

Decreased flexion torque at early stance 

 Mulroy (stroke)  

Decreased power absorption at early and late stance 

 Huisinga 

 Leung (simulated contracture) 

Increased power-generation at mid-stance 

 Leung (simulated contracture) 
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Increased knee flexion torques at late stance 

 Huisinga (MS) 

Decreased knee work generation  

 You (gastroc tightness) 

Decreased knee Extension Torques 

 Kelleher (MS) 

 

HIP KINEMATICS 

      Increased hip flexion throughout stance 

 You (gastroc tightness) 

Increased hip flexion angle @ early stance  

 Patikas (CP) 

 You (gastroc tightness) 

 Leung (simulated contracture) 

Increased hip flexion during mid-stance 

 Kelleher (MS)  

 

HIP KINETICS 

Decreased hip flexion torques during late stance 

 Huisinga (MS) 

 Patikas (CP)  

 Leung (simulated contracture)  

 Kelleher (MS) 

Decreased hip flexion torque and power generation at pre-swing 

 Leung (simulated contracture) 

Decreased hip power absorption @ mid & late stance  

 Leung (simulated contracture) 

 Huisinga (MS) 

 You (gastroc tightness) 
 


