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Passive joint mobilizations consist of 

gentle oscillating movements of the 

articular surfaces that create the 

movement of joints by a means other 

than the musculotendinous units that 

normally act on those particular seg-

ments. Joint mobilizations are purported 

to relieve pain and improve range of mo-

tion (ROM) of injured joints1-4. Such im-

provements can in turn lead to an in-

crease in functional activities1,5. Using 

Maitland’s classifi cation6, Grade I and 

Grade II joint mobilizations are per-

formed primarily to decrease joint pain, 

and Grade III and Grade IV joint mobili-

zations are used to increase joint ROM.   

Restrictions in ankle dorsifl exion are 

oft en observed clinically aft er prolonged 

immobilization of the ankle joint. One 

purported cause of decreased dorsifl ex-

ion ROM may be restricted posterior 

glide of the talus on the tibia7. Th ere is an 

emerging body of evidence demonstrat-

ing the eff ectiveness of joint mobiliza-

tions, especially anterior-to-posterior 

mobilization of the talus on the tibia, to 

increase ankle dorsifl exion ROM1,5,8-10.  

Wilson et al5 demonstrated improved 

plantar fl exion and dorsifl exion ROM 

and functional ability in a pilot study of 

patients recovering from ankle fractures 

who received 5 weeks of talocrural and 

subtalar joint mobilizations and thera-

peutic exercise compared to a group that 

received only therapeutic exercise. Green 

et al1 demonstrated that pain-free ankle 

dorsifl exion ROM was increased with an-

terior-posterior joint mobilizations in 

those recovering from acute ankle sprains. 

Joint mobilizations led to a reduction in 

pain and improvements in pain-free dor-

sifl exion ROM in comparison to control 

subjects. Likewise, Collins et al9 demon-

strated immediate improvement in 

dorsifl exion ROM aft er mobilization in 

patients with subacute ankle sprains. Ad-

ditionally, Vicenzino et al10 recently dem-

onstrated that dorsifl exion ROM gains 

aft er ankle joint mobilization in patients 

with recurrent ankle sprains were strongly 

correlated to increases in posterior talar 

glide. 

One possible explanation for the ef-

fectiveness of anterior-to-posterior talo-
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results. 
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crural mobilizations in improving dorsi-

fl exion ROM is the correction of a 

positional fault in which the talus is sub-

luxated anteriorly on the tibia11. To date, 

there is limited quantitative evidence to 

verify the legitimacy of a positional fault 

at the ankle, a theory advocated by Brian 

Mulligan. Instrumented ankle arthrom-

etry off ers a method to quantify talar 

mobility under known loads by measur-

ing rear-foot displacement and transla-

tional force during anterior and poste-

rior drawer maneuvers12-13. If the talus 

was positioned in an abnormally ante-

rior position and posteriorly directed 

mobilizations were able to correct this 

positional fault, the magnitude of avail-

able posterior talar translation may be 

decreased aft er joint mobilization. If 

posterior talar translation was reduced 

under the same load, this would actually 

indicate an increase in the measured 

stiff ness (slope of the force-displace-

ment curve) of the ankle during poste-

rior translation.

Our purpose was to determine if a 

single session of Maitland Grade III an-

terior-to-posterior talocrural joint mo-

bilizations applied following a period of 

prolonged ankle immobilization would 

cause immediate increases in dorsifl ex-

ion ROM and posterior ankle joint stiff -

ness, and decreases in posterior talar 

translation. 

Methods

Design

 A crossover design was employed to as-

sess the eff ect of treatment order (joint 

mobilization fi rst, control treatment 

fi rst) on dorsifl exion ROM, posterior 

talar translation, and posterior talocru-

ral joint stiff ness.

Subjects

Ten subjects (5 males, 5 female; age 

21.4+3.3 years, height 171.7+11.6 cm, 

mass 72.3+17.9 kg) participated. All 

subjects had lower extremity injuries 

that required prolonged immobilization 

in a lower leg cast or walking boot; oth-

erwise, the subjects were in good health 

(Table 1). Inclusion criteria for this study 

included ankle immobilization for at 

least 14 days and a defi cit of at least 5º 

dorsifl exion ROM compared to the con-

tralateral ankle. Subjects had an average 

ROM defi cit of 7.9º+2.9º at baseline. Ex-

clusion criteria included osteoarthritis 

at the ankle, unstable fractures, intra-ar-

ticular fi xation in the ankle joint, rheu-

matoid arthritis, and connective tissue 

disorders such as Marfan’s or Ehlers-

Danlos syndromes. All subjects signed 

an informed consent agreement prior to 

participation in this study. Human sub-

ject approval was obtained through the 

local university institutional review 

board. 

Instruments 

Ankle dorsifl exion ROM was measured 

using a bubble inclinometer (Fabrication 

Enterprises Inc., White Plains, NY). Pos-

terior talar mobility and stiff ness were 

measured using an ankle arthrometer 

(Blue Bay Research Inc., Milton, FL)12-13. 

Th e ankle arthrometer measures the 

amount of joint displacement along with 

the force used to generate the displace-

ment. Th e spatial kinematic linkage sys-

tem of the arthrometer measures the rel-

ative motion between the arthrometer 

footplate and the reference pad placed 

on the tibia thus quantifying movement 

of the rear foot in relation to the tibia12-13. 

Th e ankle arthrometer data were col-

lected and analyzed utilizing a custom 

soft ware program operated through the 

LabView soft ware program (National 

Instruments Corp., Austin, TX).

Testing procedures

All subjects underwent three series of 

measurements (baseline, post-fi rst treat-

ment, and post-second treatment). Each 

series included measures of ankle dorsi-

fl exion ROM, posterior talar mobility, 

TABLE 1. Subject characteristics.

    Initial Final
  Length of  Type of Dorsifl exion  Dorsifl exion
Subject Injury Immobilization Immobilization ROM Defi cit* ROM Defi cit*

 1 Flexor hallicis  5 weeks Walking boot 6º 0º

 longus repair

 2 Ankle sprain 2 weeks Walking boot 7º 4º

 3 Tibial stress fracture 2 weeks Walking boot 14º 10º

 4 Fibular stress fracture 4 weeks Walking boot 11º 4º

 5 Tibial stress fracture 4 weeks Walking boot 7º 5º

 6 Great toe fracture 2 weeks Walking boot 10º 0º

 7 Tibial stress fracture 4 weeks Walking boot 7º 0º

 8 Tibial stress fracture 3 weeks Walking boot 5º 3º 

 9 Heel spur 3 weeks Walking boot 5º 2º

10 Fift h metatarsal fracture 9 weeks Splint (2 wks)

   Cast (6 wks)

   Walking boot (4 days) 6º 6º

* Refers to comparison of opposite extremity dorsifl exion
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and posterior joint stiff ness. All subjects 

received both treatments (joint mobili-

zation, control). A crossover design was 

utilized so that the order of the joint mo-

bilizations and control treatments was 

applied randomly. Th e tester (ELL) was 

blinded to the order of treatments re-

ceived by each subject. Th e order of treat-

ments was randomized and revealed to 

the clinician administering the treat-

ments via sealed envelope allocation. 

Subjects were asked to remove shoes 

and socks prior to testing. First, a base-

line measure of open-chain, straight-

knee dorsifl exion ROM was measured 

with a bubble inclinometer using meth-

ods previously described by Denegar et 

al14. Th e reliability of this method has 

been reported previously (ICC = .96–

.97, SEM = .99º–1.34º)14. Second, the 

arthrometer and aff ected ankle were 

prepared for testing with a spray adhe-

sive to minimize any slipping between 

the skin and the arthrometer. During 

arthrometer testing, subjects were lying 

supine with a styrofoam bolster under-

neath the knee of the test limb (Figure 

1a). Th e styrofoam bolster was applied 

in order to standardize lower extremity 

positioning with knee fl exion at 30º and 

to optimize patient comfort during ar-

thrometer testing. To ensure consistency 

of measures, a felt tip pen marking was 

placed on the lower extremity at the 

junction between the subject’s leg and 

the plinth. With the ankle in neutral po-

sition, a posteriorly-directed force of 

170 N was applied to the subject’s ankle 

via the arthrometer, and measures of 

posterior talar translation and joint stiff -

ness were taken (Figure 1b). Posterior 

translation of the talus was measured in 

millimeters (mm), and stiff ness was de-

fi ned as the slope of the force-displace-

ment curve. Th e arthrometer was then 

removed and the tester left  the room. 

Th e reliability of the anterior-posterior 

translation measures in vivo with this 

arthrometer have previously been re-

ported (ICC=.91, SEM=.89 mm)15. Ad-

ditionally, the validity of this measure-

ment has been demonstrated in a cadaver 

study in which the arthrometer mea-

sures were highly correlated (r=.88) to 

actual bone motion13.

Th e fi rst treatment consisted of ei-

ther a 30-second application of Grade 

III anterior-to-posterior talocrural joint 

mobilizations or the control treatment 

consisting of 30 seconds of rest in the 

presence of the same clinician who ad-

ministered the joint mobilizations. For 

the purposes of this study, Grade III mo-

bilizations were operationally defi ned as 

large-amplitude rhythmic oscillations 

from the joint’s mid-range to the end-

range with translation taken to the point 

of tissue resistance. All joint mobiliza-

tions were performed by the same phys-

ical therapist (BMK), who had over 15 

years of clinical practice experience in 

orthopedic physical therapy. 

Aft er the fi rst intervention was 

complete, the tester returned and a sec-

ond series of measures was taken. Aft er 

the second measurements were taken, 

the arthrometer was removed, the tester 

left  the room, and the second interven-

tion (the opposite of what was fi rst re-

ceived) was applied by the same clini-

cian as the fi rst intervention. Aft er the 

second intervention was complete, the 

fi nal series of measures was taken by 

the tester.

Statistical analysis

Th e three dependent variables were dor-

sifl exion ROM, posterior talar transla-

tion, and joint stiff ness. Th e indepen-

dent variables were treatment order 

group, a between-factor variable with 

two levels (joint mobilization fi rst, con-

trol fi rst), and time, a within-factor vari-

able with three levels (baseline, post-fi rst 

treatment, and post-second treatment). 

For each dependent variable, a 2x3 

mixed model ANOVA was run to com-

pare the infl uence of treatment order 

and time. In the event of a signifi cant 

interaction or main eff ect, Tukey’s post 

hoc tests were computed to identify spe-

cifi c diff erences. All analyses were per-

formed using SPSS 13.0 (SPSS Inc, Chi-

cago, IL), and the alpha level was set a 

priori at p<0.05.

Results

Descriptive statistics for each measure 

may be seen in Table 2 and are illustrated 

in Figures 2–4. For the dorsifl exion 

ROM, there was a signifi cant main eff ect 

for time (p=.013); however, there was 

not a signifi cant treatment order by time 

interaction (p=.29, 1-ß=.28) or treat-

ment order main eff ect (p=.44, 1-ß=.11). 

Th e mean (+SD) dorsifl exion ROM was 

11.6º+4.3º at baseline, 13.6º + 4.7º aft er 

the fi rst treatment, and 16.0º+5.6º aft er 

the second treatment. Post hoc testing 

revealed that the post-fi rst treatment 

measure was signifi cantly greater than 

the baseline measure and that the post-

second treatment measure was signifi -

cantly greater than the two previous 

measures (p<0.05). 

For the posterior talar translation 

measures, there was no signifi cant treat-

ment order by time interaction (p=.25, 

1-ß=.38) or treatment order main eff ect 

(p=.75, 1-ß=.12). Th ere was a trend to-
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FIGURE 1A. (top) Positioning of 

subject’s limb for arthrometer testing. 

FIGURE 1B. (bottom) Examiner po-

sitioning for arthrometer testing. Th e 

arrow represents the posteriorly directed 

force applied through the arthrometer.
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wards a time main eff ect, but this did not 

reach a statistically signifi cant level 

(p=.08, 1-ß=.39). Across all subjects, the 

mean (+SD) amount of posterior talar 

translation was 6.7+1.2 mm at baseline, 

5.9+1.7 mm aft er the fi rst treatment, and 

5.4+1.8 mm aft er the second treatment. 

For the stiff ness measures, there 

was a signifi cant main eff ect for time 

(p=0.04), but there was not a signifi cant 

treatment order by time interaction 

(p=.81, 1-ß=.25) or treatment order 

main eff ect (p=.15, 1-ß=.15). Th e mean 

slope of the stiff ness curve was 19.8+4.5 

at baseline, 24.6+5.7 aft er the fi rst treat-

ment, and 25.1+6.2 aft er the second 

treatment. Post hoc testing revealed that 

the post-second treatment slope was sig-

nifi cantly higher than the baseline mea-

sure (p=0.02).  

Discussion

Our results provide preliminary evi-

dence in support of the immediate ef-

fectiveness of Grade III anterior-to-pos-

terior talocurural joint mobilizations in 

the treatment of patients with limited 

dorsifl exion ROM. Ankle dorsifl exion 

ROM increased signifi cantly at each as-

sessment period. At the fi nal follow-up 

aft er all subjects had received the active 

intervention, dorsifl exion ROM had in-

creased an average of 4.4+3.0º compared 

to baseline. Th is increase greatly exceed 

the reported SEM of the dorsifl exion 

ROM measure (.99º–1.34º)14, thus pro-

viding confi dence that the interventions, 

and not measurement error, was the 

cause of the ROM increase. A possible 

reason for this increase in dorsifl exion 

ROM could be due to correction of an 

anterior positional fault of the talus aft er 

joint mobilizations. Th e amount of pos-

terior talar translation decreased, albeit 

at non-signifi cant levels, at each succes-

sive measurement session. Because 

the amount of force was constant across 

all measures and the amount of poste-

rior translation decreased at each testing 

interval, estimates of joint stiff ness 

substantially increased with each con-

secutive measure following joint mobili-

zations.  

In a 2x3 crossover study design such 

as the one we employed, an extremely ef-

fi cacious active treatment intervention 

would ideally result in a statistically sig-

nifi cant treatment order by time interac-

tion. While this did not occur for any of 

the three dependent measures, signifi -

cant time main eff ects were found for 

dorsifl exion ROM and stiff ness mea-

sures, and the posterior talar translation 

measure approached signifi cance (p= 

0.08). Th e signifi cant time main eff ects 

indicate that measures changed signifi -

cantly at successive measurement inter-

vals across all subjects regardless of treat-

ment order. Examination of Figure 2 

clearly shows more dramatic increases 

in dorsifl exion ROM in measures im-

mediately aft er the active treatment was 

received compared to the control treat-

ment. Th e direct eff ects of joint mobi-

lization on the talar translation and  stiff -

ness measures are less intuitive (Figures 

3–4).

Th e increase in dorsifl exion ROM 

aft er joint mobilization in our study 

is consistent with the outcomes of pre-

vious studies of ankle-injured pa-

tients1,5,9-10. In a pilot study of patients 

recovering from ankle fractures, Wilson 

et al5 demonstrated that a 5-week inter-

vention of talocrural and subtalar joint 

 mobilizations in combination with ther-

apeutic exercise produced greater dorsi-

fl exion and plantar fl exion ROM gains 

and functional recovery than did thera-

peutic exercise alone. Green et al1 re-

ported that anteroposterior mobiliza-

tion of the talus using a gentle force re-

sulted in greater improvement in dorsi-

fl exion ROM and return to normal gait 

pattern in patients who received an aver-

age of 3 sessions over the 2 weeks follow-

ing acute ankle sprain. Likewise, Collins 

et al9 demonstrated immediate improve-

ments in dorsifl exion ROM in subacute 

ankle sprain patients receiving a single 

application of mobilizations with move-

ment (MWM); Vicenzino et al10 pre-

sented similar fi ndings in patients suf-

fering from recurrent ankle sprains. 

While our study had a more heteroge-

neous population with patients recover-

ing from a variety of lower extremity 

pathologies, we identifi ed similar ROM 

improvements aft er mobilizations to the 

previous studies1,5,9-10, which utilized 

subjects with ankle sprains. 

With each subsequent arthrometer 

measurement, stiff ness measures in-

creased while posterior talar translation 

measures decreased. It is plausible that 

the starting position of the talus was 

TABLE 2. Means and standard deviation of the dependent variables.

 Treatment First Group Control First Group Total

 Post-  Post-  Post-  Post-   Post-  Post- 
  Treatment  Treatment  Treatment Treatment  Treatment  Treatment
 Baseline 1 2 Baseline 1 2 Baseline 1 2

Dorsifl exion ROM (°) 12.4+4.9 15.6+5.4 16.8+6.0 10.8+4.1 11.6+4.0 15.2+5.8 11.6+.3 13.6+4.7^ 16.0+5.5^

Posterior Talar  6.3+1.5 6.4+3.0 4.7+1.4 7.9+1.1 5.6+0.6 5.8+2.0 6.7+1.2 5.9+1.7 5.4+1.8

Displacement (mm) 

Posterior Stiff ness* 22.0+4.4 22.6+8.3 26.6+5.0 18.5+4.4 25.8+4.2 24.2+7.1 19.8+4.5 24.6+5.7 25.1+6.2^

*Stiff ness is estimated as the slope of the force-displacement curve.

^Signifi cantly diff erent from baseline (p<.05)
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more posterior at the second and third 

measures compared to baseline, thus re-

sulting in less posterior translation. A 

mean (+SD) diff erence of 1.3+1.3 mm 

was found between baseline and fi nal 

follow-up measures across all subjects. 

Th is change exceeds the previously re-

ported SEM of this measure (.89 mm)15, 

thus providing confi dence that the 

change in this measure was likely due to 

the intervention and not measurement 

error. Th e cause of the apparent poste-

rior shift  in the resting talar position 

could come from two sources: the talo-

crural joint mobilizations (as hypothe-

sized) or the arthrometer used for test-

ing. It must be noted that the posterior 

rear-foot displacement provided by the 

arthrometer during testing may resem-

ble a single repetition of posteriorly di-

rected joint mobilization. Th is issue 

most likely could only be clarifi ed in a 

study that used imaging techniques to 

assess resting talar position before and 

aft er applications of joint mobilizations 

and arthrometer testing.

Mulligan’s positional fault theory11 

may help explain our fi ndings. Residual 

loss of the posterior talar glide may be 

representative of an anterior positional 

fault of the talus on the tibia and may 

result in an abnormal axis of talocrural 

rotation7. Th rough an acute mechanism 

of injury, such as ankle sprain, the talus 

may anteriorly subluxate and  become 

stuck, thus resulting in restricted poste-

rior glide and compromised ankle func-

tion14. It is possible that the patients in 

our study who were immobilized for a 

prolonged period of time also developed 

positional faults of the talus and that 

these positional faults were corrected via 

either the joint mobilizations and/or the 

arthrometer testing. Further research is 

necessary to explore this hypothesis. 

Th is study did have a few limita-

tions. We had a relatively small sample 

size (n=10) and the post hoc power anal-
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FIGURE 2. (upper left )Dorsifl exion range of motion (ROM) 

means (+ SE) for both groups at each testing interval. Th ere 

was not a signifi cant time by group interaction (p=.49), but 

there was a signifi cant time main eff ect (p=.03) indicating that 

regardless of group membership, there was improved ROM at 

each testing interval.

FIGURE 3. (upper right) Estimates of posterior talocrural 

joint stiff ness means (+ SE) for both groups at each testing 

interval. Stiff ness was estimated as the slope of the force-

displacement curve from the arthrometer testing. Th ere was 

not a signifi cant time by group interaction (p=.19), but there 

was a signifi cant time main eff ect (p=.04). Regardless of group 

membership, there was increased stiff ness at the last testing 

interval compared to baseline.

FIGURE 4. (bottom middle) Posterior talar translation 

means (+ SE) for both groups at each testing interval. Th ere 

was not a signifi cant time by group interaction (p=.25) or time 

main eff ect (p=.08). 
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yses for the nonsignifi cant fi ndings indi-

cate that there was inadequate statistical 

power. In addition, the subjects were not 

homogenous as the injuries for which 

they were immobilized included a vari-

ety of lower extremity injuries as diff er-

ent as ankle sprains, stress fractures, and 

fi ft h metatarsal fractures (Table 1). 

Along with improved subject homoge-

neity, the type of immobilization devices 

was not identical. Most subjects were 

immobilized with walking boots whereas 

one subject was immobilized with a hard 

cast. Th e length of ankle immobilization 

also varied widely from a minimum of 2 

weeks to a maximum of 9 weeks. Addi-

tionally, the ideal force needed in order 

to adequately perform a measure of pos-

terior talar translation with the arthrom-

eter is not known. For this study, 170 N 

was the maximum posteriorly directed 

force applied. We chose this value fol-

lowing extensive pilot testing of healthy 

subjects but it may not be the ideal force 

for such a measure. Th is study also only 

concentrated on the immediate short-

term eff ects of joint mobilizations. Simi-

lar research needs to be done to assess 

the immediate and long-term eff ects, 

including both mechanistic properties 

and patient functional outcomes, of sin-

gle and multiple applications of joint 

mobilizations. 

Conclusion

We found that a single application of 

Grade III anterior-to-posterior talocru-

ral joint mobilizations appears to in-

crease ankle dorsifl exion ROM in a 

population with dorsifl exion ROM re-

strictions resulting from prolonged an-

kle immobilization. We also found that 

the joint mobilizations appeared to re-

sult in a decreased amount of posterior 

talar displacement and, thus, increased 

posterior joint stiff ness as assessed with 

an ankle arthrometer. Th ese results may 

be related to a correction of a positional 

fault at the talocrural joint although 

further research is needed to verify this 

hypothesis.   
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