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Abstract
Background: Heel pain associated with a disease process of the medial band of the plantar fascia, Plantar Fas-

ciopathy (PF), is a frequently complaint among patients presenting to foot care specialists. Excessive foot pronation, 
subtalar joint instability, has been cited as a leading biomechanical factor in the development of PF. The frequency 
of association between excessive hind foot motion and chronic heel pain has not been studied. The purpose of this 
retrospective study was to evaluate the occurrence of subtalar joint instability, as evidenced by radiographic angular 
measurements, in patients diagnosed and surgically treated for recalcitrant PF.  

Method: Pre-operative relaxed stance weight bearing radiographs for one-hundred eight patients diagnosed with 
recalcitrant PF, who had partial or full, of the plantar fasciotomy, were retrospectively and independently reviewed.  
Subtalar joint instability was measured objectively via the Talar second Metatarsal angle (T2M) on the dorsoplantar 
radiograph for transverse plane alignment and the Talar Declination angle (TD) on the lateral radiograph for sagittal 
plane alignment.

Results: 93.52% (101 feet) had at least one angle (T2M or TD) greater than normal accepted values. T2M 
angles were greater than the normal values 79.63% (86 feet) of the feet examined. With respect to TD angles, 
75.93% (82 feet) showed greater than normal values. 17.59% (19) of the feet showed only higher T2M angles, 
indicating transverse plane dominance, while 13.89% (15 feet) indicated only higher TD angles, indicating sagittal 
plane dominance. 62.04% (67 feet) had both higher T2M and TD angles.

Conclusion: The data from this study showed a statically significant number of patients with recalcitrant heel 
pain also exhibited excessive subtalar joint pronation. This could explain the rational for a subset of patients who are 
unresponsive to typical treatments aimed at healing the diseased fascial tissue, without addressing the co-deformity 
of subtalar joint instability. Patients who develop recalcitrant PF should be evaluated for subtalar joint instability and 
options to realign and stabilize the subtalar joint should be incorporated as part of the treatment protocol.

Keywords: Plantar fasciitis; Plantar fasciopathy; Plantar fasciosis; 
Subtalar joint instability; Hyperpronation; Peri-talar subluxation 
talotarsal joint displacement

Introduction
Plantar Fasciopathy (PF) is a rather common, painful condition 

that alters the quality of life of patients. Symptoms are generally most 
prevalent with the first steps upon waking in the morning and then 
subside shortly thereafter, only to return after prolonged periods 
of non-weight bearing. The underlying factors that contribute to 
the development of PF have been debated and include anatomical, 
biomechanical, and environmental factors [1]. Knowledge of the 
contributing factors is important in determining the most effective 
treatment options to alleviate symptoms and prevent recurrence. 

Several studies have claimed that mechanical control of the foot 
provides the best outcomes [1-6]. This would seem to support the theory 
that biomechanical factors play a significant role in the development 
of PF. Abnormal biomechanics, especially excessive subtalar joint 
pronation, places excessive stress and tension on the medial band of 
the plantar fascia [7-13]. The plantar fascia is a somewhat rigid band 
that does not stretch therefore, the end result of these abnormal stresses 
is localized tissue damage near the origin of insertion into the medial 
tubercle of the calcaneus. Since this occurs with all weight bearing 
activities, the healing process is prevented due to repetitive weight 
bearing activities [14]. This might help explain why athletes and runners 

seem particularly prone to the development of PF [15,16]. It has been 
suggested that there is a link between the amount of tension placed on 
the plantar fascia and the development of plantar fasciopathy [14]. 

The purpose of this retrospective study is to evaluate the possible 
magnitude of the difference of subtalar joint stability in PF patients 
with normal and non-normal levels of subtalar joint alignment. The 
presence of higher than accepted normal relaxed stance weight bearing 
Talar-second Metatarsal (T2M) and/or Talar Declination (TD) angles 
in patients diagnosed with PF can be considered an indication of the 
underlying abnormal subtalar joint biomechanics. Such evaluation 
would help emphasize the importance of addressing excessive subtalar 
joint pronation in addition to amelioration of the associated symptoms 
of PF.  
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Patients and Methods
A cohort of 108 patients were considered for this study. These pa-

tients represented the number of patients that were diagnosed with 
recalcitrant PF, unresponsive to conservative treatment for 6 months, 
by the physicians at the Louis Stokes Cleveland VA Medical Center 
(Cleveland, OH) who ultimately required plantar fasciotomy, partial or 
full, within a calendar year. The diagnosis of excessive subtalar joint 
pronation was determined retrospectively through examination of pre-
operative relaxed stance weight bearing radiographs. No examinations 
of the postoperative radiographs were performed. This study received 
institution review board approval.

Patient selection procedures
A diagnosis code search was performed for a calendar year period 

of all patients who required surgical intervention due to recalcitrant PF 
was performed. Patients who received a minimum of 6 months of con-
servative care were considered. Typical symptoms, such as post-static 
dyskinesia and pain to palpation of the medial band of the PF, were ex-
perienced by all patients. Furthermore, all patients had standard weight 
bearing radiographs performed to rule out fractures, tumors, or other 
atypical findings rather than PF. Patients were only included if they had 
not previously undergone any osseous ankle or foot surgery, as this may 
influence the radiographic measurements.  The radiographs for these 
selected patients were then evaluated to ensure they met the inclusion 
criteria. 

The patient selection criteria did not explore the number of patients 
with bilateral PF and the radiographs of the contra-lateral limb were 
not routinely taken, unless the patient also complained of symptom-
atology of that limb. This study was concerned only with the foot that 
required surgical transection of the PF. Finally, only the pre-operative 
radiographs were used for analysis.

Data collection
The data collected from patients was in the form of dorsoplantar 

(DP) and lateral view Relaxed Stance weight bearing (RSP) radiographs 
of the foot/feet presenting with medial heel pain. All patients were ra-
diographed using standard angle and base of gait technique.

Determination of radiographic angles
Subtalar joint alignment was objectively assed using the Talar Dec-

lination (TD) angle (sagittal plane) and Talar-Second Metatarsal (T2M) 
angle (transverse plane) [17-22] (Figures 1 and 2). The DP T2M angle 
has been considered a reliable measurement to evaluate the osseous 
alignment between the forefoot and the hind foot [17]. The T2M angle 
is measured between the longitudinal bisection of the second metatar-
sal and the talus [18]. The second metatarsal is a more reliable reference 
point over the first metatarsal since many patients can also present with 
a deviated first metatarsal bone, i.e. increased first intermetatarsal an-
gle. Thomas et al. reported T2M angular values in normal populations 
as 16° in the bipedal stance position [23].

The TD angle can be used as a direct measure of the inclination of 
the talus with respect to the ground surface. During pronation, the head 
and neck of the talus undergo plantar flexion leading to an increase in 
the TD angle values, while during supination; they undergo dorsiflex-
ion leading to a decrease in the TD values. Thus, pathologic TD values 
would indicate the occurrence of abnormal subtalar joint alignment. 
The TD angle can be measured between the longitudinal axis of the 
talus and the plane of support [23-25]. The accepted normal TD angle 
is 21° [26,27].

 
Figure 1: Weightbearing lateral radiographs. (A) Talar declination angle ≤ 21 
degrees. (B) Talar declination angle >21 degrees.

Figure 2: Weightbearing dorsoplantar radiographs. (A) Talar second metatarsal 
angle ≤ 16. (B) Talar second metatarsal angle >16.

A T2M angle of 16° or less and TD angle of 21° or less were con-
sidered normal values and used as the reference to compare the T2M 
and TD angles measured in the feet of the patients. Both radiographic 
angles were measured using software that is part of the Vista CPRS sys-
tem, version 1.0.28.24. These measurements were obtained by a single 
independent examiner to rule out any bias and to keep a consistency of 
measurements.

Data analysis
The angles calculated from the radiographs were compared to 

the normal values (T2M angles higher than 16º and/or TD angles 
higher than 21º) to determine the existence of excessive subtalar joint 
pronation. 
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Discussion
PF is one of the most common foot and ankle pathologies [29]. It 

is commonly accepted that repetitive strain on the plantar fascia due to 
excessive tensile forces at its origin (calcaneal attachment) is the most 
common cause of this condition [30-32]. Some researchers believe PF 
is caused by biomechanical overuse from extended standing or running 
which results in microtears at the calcaneal enthesis [33]. Other research 
suggests this condition is a result of an underlying mechanical abnormality 
[8,9,29,34]. However, this is still debated as there has not been any sig-
nificant evidence to support this conclusion [35].

The percentage of occurrence of values higher than the normal 
values in at least one view (DP or lateral) was calculated. This result 
indicates the frequency of presence of subtalar joint instability.

Once a total percentage was calculated, the presence of the 
deformity was further analyzed with respect to the plane of dominance, 
if any. Higher values of T2M angles indicate deformity in the transverse 
plane while higher values of TD angles indicate deformity in the sagittal 
plane. Transverse plane dominance was identified when the radiographs 
for a single patient showed a higher than normal T2M angle and a TD 
angle within the normal range. Alternatively, sagittal plane dominance was 
identified with only a higher TD angle coupled with a normal T2M angle. 
Higher T2M and TD angles together indicate deformity in both planes.  

Statistical analysis
For each of the angular measurements, TDa and T2Ma, we labeled 

each angle value as either normal or non-normal, creating two binary 
variables, TDc and T2Mc.  The distributions of angular measurements, 
TDa and T2Ma, from the 108 radiographs of feet were examined visu-
ally and labeled by their normal/non-normal group assignment, TDc 
and T2Mc. The frequency and relative frequency of patients who had 
normal and non-normal TD angles were calculated. The frequencies 
and relative frequencies of patients who had normal TD and T2M an-
gles, only normal TD angles, only normal T2M angles, and both angles 
non-normal were calculated. Based on the resulting contingency table, 
a χ2 test of independence between TDc and T2Mc was performed. Sum-
mary statistics for the angle measurements in the normal and non-nor-
mal TDa and T2Ma groups were calculated. For both the TDa and T2Ma 
data, the normal and non-normal angle groups were assessed for nor-
mality using the Shapiro-Wilk test. Angular measurements between 
normal and non-normal groups were compared with one- and two- 
sample t-tests and Wilcoxon rank sum tests (equivalent to Mann-Whit-
ney tests) for normally and non-normally distributed data, respectively. 
For the Wilcoxon rank sum tests, the Hodges-Lehmann estimator and 
distribution-free confidence interval were found. Statistical analysis 
was performed in the statistical programming language R v. 3.5.1 [28].

Results
The distributions of the TD and T2M data are provided (Figure 3). 

Frequencies and relative frequencies are provided (Figure 4). Differ-
ence in TD and T2M angles in their respective normal and non-nor-
mal groups are summarized (Table 1 and Figure 5). Angle data in 
the normal (W=0.91, p=0.0325) and non-normal (W=0.84, p<0.001) 
TD groups were not normally distributed.  Angle data in the normal 
(W=0.95, p=0.36) and non-normal (W=0.93, p=0.0002) T2M groups 
were normally and non-normally distributed, respectively.  Conse-
quently, we used one-and two-sided Wilcoxon rank sum tests (equiv-
alent to Mann-Whitney tests) to evaluate angle differences between 
groups.  The results of the Wilcoxon rank sum, values of the Hodg-
es-Lehmann estimator and corresponding distribution-free confidence 
interval are provided in Table 2. The categorical variables TD and T2M 
were independent (χ2=0.91, p=0.34).

Planar dominance was analyzed for transverse and sagittal plane. 
Out of 108 feet, 93.52% (101 feet) had at least one angle (T2M or TD) 
greater than normal accepted values. T2M angles were greater than the 
normal values 79.63% (86 feet) of the feet examined. With respect to 
TD angles, 75.93% (82 feet) showed greater than normal values. 17.59% 
(19) of the feet showed only higher T2M angles, indicating transverse 
plane dominance, while 13.89% (15 feet) indicated only higher TD an-
gles, indicating sagittal plane dominance. 62.04% (67 feet) had both 
higher T2M and TD angles.

 
Figure 3: The distributions of the: (A) Talar second Metatarsal (T2M) and (B) 
Talar Declination (TD) angles.

Figure 4: (A) Differences in the frequencies and relative frequencies of the 
number of feet with normal and abnormal TD and T2M angles. (B) Overall 
comparison of normal to abnormal angles, A: Normal TD, Abnormal T2M, B: 
Abnormal TD, Normal T2M, C: Abnormal TD, Abnormal T2M, D: Normal TD, 
Normal T2M.
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measures because of the objective findings that are highly reproducible 
and are backed via validated studies.

In this study, 93.52% of patients with PF had higher than the normal 
values for the T2M, TD or both angles. Since it has been established that 
higher than normal weight bearing T2M and TD angles can be used to 
diagnose excessive talotarsal joint pronation and the patient population 
in this study showed a predominance of patients with pathologic ra-
diographic measurements, it stands to reason that excessive talotarsal 
joint pronation may be a contributing factor in the majority of cases of 
recalcitrant PF. 

The present study focuses only on the probability of occurrence of 
excessive subtalar joint pronation in patients diagnosed with recalci-
trant PF. It is likely that other factors, such as anatomical or environ-
mental factors, may have played a role in the fascial disease process. 
Not all patients with abnormal talotarsal joint mechanics will go 
on to develop PF. However, the data from this study supports the 
hypothesis that there is an association between subtalar joint in-
stability, and PF. Based on this understanding, it can be suggested 
that patients presenting with recalcitrant PF should be evaluated for 
the presence of subtalar joint instability. If present, treatment of PF 
should be coupled with measures to stabilize the subtalar joint. This 
should increase the likelihood of an effective recovery and minimize 
the risk of treatment failure. 

Unfortunately, the use of the term plantar fasciitis has become com-
monly associated with disease of the origin of the medial band of the 
plantar fascia. This is a misnomer as the use of “iitis” is an indication of 
an inflammatory process. This inflammatory origin has been shown not 
to exist in all patients with recalcitrant PF [47,48]. The focus of PF treat-
ment is aimed at the reduction of the inflammatory process by the use 
of non-steroid anti-inflammatory medications, ice, shock-wave, and 
the use of steroid injections into the medial band of the plantar fascia 
is advocated. Meanwhile, little to no measures are taken to effectively 
resolve the underlying mechanical over-loading of forces acting on the 
plantar fascia while the patient is standing, walking, or running caused 
by subtalar joint instability. 

Many practitioners advocate the use of a pre-fabricated arch sup-
ports or custom-made orthoses as a conservative non-surgical option.  
The effectiveness of an arch support, whether it is off-the-self or cus-
tom-made, will have a positive influence to decrease the mechanical 
overloading/strain of the plantar fascia has been examined and shown 
to have little to no effect [49]. Furthermore, there is no data to suggest 
an arch support can realign and/or stabilize the subtalar joint. A recent 
published multi-centered study showed that there was no radiographic 
realignment of the subtalar joint [50]. 

When conservative measures have failed to bring relief, the patient 
is given the option to have a plantar fasciotomy. There are many asso-
ciated risks and complications with this procedure that are well doc-
umented [51-53]. The release of the fascia may pose a risk to arch 
stability and could lead to further foot pain. Tweed et. al. reported 
that a total plantar fasciotomy may lead to further loss of stability of 
medial longitudinal arch and abnormalities in gait, in particular an 
excessively pronated foot [54]. Gefen found that tension on the arch 
may exceed the normal average stress by more than 200% after the 
transection of the plantar fascia [55]. A recent long-term outcome 
study over a 10-year period led the authors to believe the partial 
plantar fascia release

 
Figure 5: Boxplots of T2M and TD angle measures in the normal and abnormal 
groups.

Angle Type n Mean Median Standard deviation
TD Abnormal 82 24.71 24.02 3.06

Normal 26 18.54 18.84 1.91
T2M Abnormal 86 23.08 21.83 5.29

 Normal 22 10.52 10.57 2.97

Table 1: Summary statistics for normal and abnormal Talar Declination (TD) and 
Talar second Metatarsal (T2M) angles.

 A normal biomechanical functioning of the foot is dependent on 
the stability and proper alignment of the talus on the calcaneus and na-
vicular. A loss of talocalcaneal alignment, subtalar joint instability, leads 
to an excessive amount of foot pronation shown to increase the forces 
acting onto the medial column of the foot [36,37]. Excessive subtalar 
joint pronation is characterized by dynamic excessive plantar flexion, 
eversion and adduction of the talus on the calcaneus when weight bear-
ing. This may lead to excessive eversion of the calcaneus, valgus forefoot 
and plantar drop of the navicular upon weight bearing [18,27,38]. The 
clinical result of this partial dislocation of the articular facets during the 
stance phase of the gait cycle is hyperpronation, which is considered a 
common foot and ankle disorders [39]. PF is believed to be a common 
problem associated with excessive hind foot instability [40]. 

The plantar fascia provides support and stability to the medial lon-
gitudinal arch/medial column and assists in the weight bearing activ-
ities of the foot [41,42]. During pronation, the weight of the body is 
transmitted onto the weight bearing surface. This causes the medial 
longitudinal arch to lower which in turn results in tensile forces acting 
on the plantar fascia as it resists the lowering of the arch [43-46]. More 
force will act on the larger medial band that is supporting the dynamic 
medial column over the smaller lateral band of the plantar fascia that 
supports the more static lateral column.

Diagnosis of subtalar joint pronation can be accomplished by eval-
uation of the position of foot components and their motion, i.e. range 
of motion testing. Unfortunately, this type of measurements is purely 
subjective and is not very reproducible from one examiner to another. 
There are several arthrometric measurement techniques accepted for 
evaluation of foot and ankle pathologies. Radiographic measurement 
techniques are commonly used in the assessment and diagnosis of osse-
ous foot deformities. The authors selected weight bearing radiographic 
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leads to a “prolonged recovery period and generally poor outcomes…” 
[56]. Only 60% of patients reported satisfactory results after a plantar 
fasciotomy in another study by Monteagudo et al. and only 20 of 41 
patients (48.8%) were totally satisfied [57]. For these reasons preserva-
tion of the plantar fascia should be advocated and methods to realign 
and stabilize the subtalar joint, while still allowing a normal range of 
motion, should be considered.

A limitation of this study is the lack of hands-on clinical biome-
chanical range of motion examination. This data is observational and 
lacks subjective findings. Radiographic evidence provides better objec-
tive data than subjective visual observation of range-of motion testing 
or a visualization of the gait cycle. Radiographic measurements contin-
ue to be the gold standard for the osseous relationship of the complex 
foot structure. A limitation of weight bearing radiographs is that they 
do not provide “worse case subtalar joint displacement” that could oc-
cur during the gait cycle. This could also be a reason why a subset of 
patients had normal radiographic values.

This study did not evaluate the calcaneal inclination angle to deter-
mine if the patient had a lower, normal, or high arched foot. This was 
not the intent of this study. It is possible to have a subtalar joint insta-
bility in both low and high arched feet, depending calcaneal inclination 
angle. Finally, this study does not provide any evidence as to how many 
patients had a co-existing equinus component. Again, that was not the 
aim of this research; further studies are needed to determine the role of 
equinus in the formation of recalcitrant PF.

Conclusion
It is clear from our results that, more often than not, recalcitrant PF 

patients will have non-normal TD and T2M angles, signaling the pres-
ence of subtalar joint instability.  For this reason, PF treatment coupled 
with treatments shown to realign and stabilize the subtalar joint could 
be more successful than PF treatment alone. The reduction of the me-
chanical overloading of the plantar fascia should assist in the effective-
ness of treatment options aimed at “healing” the diseased portion of the 
fascial tissue. Every effort should be attempted to stabilize the hind foot 
and preserve the integrity of the plantar fascia, prior to surgical release 
of the diseased fascial tissue.
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