Ross et al. Journal of Foot and Ankle Research (2018) 11:49
https://doi.org/10.1186/s13047-018-0292-z

REVIEW

Open Access

Self-reported social and activity restrictions
accompany local impairments in posterior
tibial tendon dysfunction: a systematic
review
Megan H. Ross, Michelle Smith, Melanie L. Plinsinga and Bill Vicenzino*

Abstract
Background: Posterior tibial tendon dysfunction (PTTD) is a painful, progressive tendinopathy that reportedly
predominates in middle-age, overweight women. There is no evidence based guidelines that clinicians can use to
guide treatment planning, which leaves clinicians to make decisions on the basis of presenting clinical impairments
and self-reported pain and disability. The purpose of this systematic review was to quantify clinical impairments, pain
and disability in individuals with PTTD compared with controls.
Methods: Five databases were searched for terms referring to the posterior tibial tendon and flatfoot up to and
including 11 March 2018. The systematic review was registered with PROSPERO (CRD: 42016046951). Studies were
eligible if they were published in the English language and contained data on clinical impairments, pain or disability
compared between participants diagnosed with PTTD and pain-free individuals. Standardised mean differences (SMDs)
were calculated where possible and meta-analysis was performed when homogeneity of outcomes allowed.
Results: Ten eligible studies were identified and pooled in the meta-analyses. Strong effects were revealed for poor
heel rise endurance (SMD -1.52, 95% CI -2.05 to − 0.99), less forefoot adduction-inversion strength (SMD -1.19, 95% CI
-1.68 to − 0.71) and lower arch height (SMD -1.76, 95% CI -2.29 to − 1.23). Compared to controls, individuals with PTTD
also had more self-reported stiffness (SMD 1.45, 95% CI 0.91 to 1.99), difficulties caused by foot problems (SMD 1.42,
95% CI 0.52 to 2.33) and social restrictions (SMD1.26, 95% CI 0.25 to 2.27).
Conclusion: There is evidence of impaired tibialis posterior capacity and lowered arch height in individuals with PTTD
compared to controls. Further to addressing the expected impairments in local tendon function and foot posture, pain,
stiffness, functional limitations and social participation restrictions should be considered when managing PTTD.
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Background
Posterior tibial tendon dysfunction (PTTD) is a complex,
progressive musculoskeletal disorder of the tibialis posterior
tendon which most commonly affects mid-late aged women
who frequently have systemic comorbidities [1–4]. Although
data is limited, prevalence has been estimated to be 10% in
older women [2], but is likely to be higher as PTTD often
goes undiagnosed [2, 5]. The diagnosis of PTTD is most
commonly made clinically, based on patient history (e.g.
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area of pain) and physical examination [6]. Key features
of the physical examination are posterior tibial tendon
pain on palpation or loading (e.g. weight bearing activities
and heel raising) that is usually (but not always) accompanied with a flatfoot deformity, especially forefoot abduction
(or the ‘too many toes sign’) [1, 7, 8]. Imaging is not
routinely used in the diagnosis of PTTD, but when
reported, it largely focuses on either the integrity of the
tendon (ultrasound and MRI findings) [9, 10] or structural
deformity of the foot (radiographic examination) [11, 12].
The non-operative management of this condition is
usually advocated in the early stages and typically focuses
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on musculotendinous conditioning exercises and arch
supporting devices (e.g. in-shoe foot orthoses and braces)
[13–15]. There is a lack of high quality evidence for these
treatments, which relegates physical therapy treatment
decisions to one that targets presenting impairments and
are based largely on the clinical reasoning skills of the
clinician. This systematic review sought to comprehensively
search the literature on physical impairments of PTTD.
The primary research question for this systematic review
was: Do individuals with PTTD have quantifiable differences in clinical impairments, pain and disability compared
to controls? The secondary research question was: What is
the relative magnitude of deficits in muscle function, foot
posture and motion, pain and disability?

Methods
The systematic review protocol was developed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement
[16] (Additional file 1) and registered online at http://
www.crd.york.ac.uk/PROSPERO/display_record.asp?ID=
CRD42016046951. Literature search criteria and methods
were specified and agreed on in advance to minimise
selection bias.
Data sources and searches

An electronic database search was conducted across
CINAHL, Cochrane, Embase, PubMed and Web of
Science from database inception up to and including 11
March 2018, limited to the English language. The
search strategy was broad to capture all relevant papers
pertaining to past and present variations in terminology
for the condition: flatfoot OR (posterior AND tibia*
AND (tendon* OR tendin*)) OR “pes planus” OR “pes
planovalgus”. The terms flatfoot, pes planus and pes
planovalgus were included only to capture articles using
varying terminology to describe PTTD; other causes of
adult acquired flatfoot deformity (AAFD) and asymptomatic flatfoot were not included in this review. Due
to limited literature available on the condition, a ‘participant’ (condition) only search was performed where
articles were manually excluded based on intervention,
comparator and outcome specifications.
Study selection

Two independent reviewers (MHR and MLP) performed
the search separately and results were imported into
Endnote X7 (Thompson Reuters, Carlsbad, California,
USA) where duplicates were removed. Titles and abstracts
were screened for relevance by two reviewers (MHR and
MLP), with disagreements resolved by consensus with reference to a third reviewer (BV). Full text versions of remaining
articles were obtained and screened against final eligibility
criteria by two reviewers (MHR and MLP).
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Studies were eligible for inclusion if they were published
in the English language and contained data on clinical
impairments, pain or disability compared between participants diagnosed with PTTD (or AAFD related to tendon
dysfunction) and pain-free individuals. Studies including
participants who had undergone a specific intervention
were included only if baseline or pre-intervention data
was reported and compared to control participants without the condition. Any post-intervention data was not
included.
Studies were excluded if there was no comparison
group or clinical measures of pain, function or disability,
the study was published in a language other than English,
or the full text was not available. Review articles, single
case reports, paediatric, cadaver and animal studies were
excluded. Studies including participants with other conditions such as osteoarthritis or rheumatoid arthritis that
did not include separate data for individuals with PTTD
or AAFD were also excluded.

Data extraction and quality assessment

Where available, the following information was extracted
from all eligible studies: study design, recruitment source,
inclusion/exclusion criteria, sample size, stage of PTTD [1],
population characteristics and comparison group characteristics. Quantitative data relating to outcome measures for
physical impairment, pain and disability, specifically mean
SD for continuous outcomes, were extracted to enable
calculation of effect size. Data extraction was performed by
two independent reviewers (MHR and MLP) and recorded
in a pre-determined spreadsheet. Corresponding authors
were contacted for additional information when reported
data was insufficient for analyses. A third reviewer (MS)
verified data extraction prior to analysis.
Methodological quality of included articles was evaluated
using the Epidemiological Appraisal Instrument (EAI),
which has been shown to be a valid and reliable tool for
the assessment of observational studies [17]. Twenty-one
items from the original EAI were used following removal
of items that were not applicable to cross-sectional and
case-control study designs. Removed items specifically
related to interventions, randomisation, follow-up period
and environmental factors. Detailed criteria for each
response were clarified a-priori to match the purpose of
this review.
Two independent assessors (MHR and MLP) rated all
included articles. Where a consensus was not able to be
reached, disagreements were resolved by a third investigator (BV). Each item was scored as either “Yes” (score = 1),
“Partial” (score = 0.5), “No” (score = 0), “Unable to determine” (score = 0) or “Not Applicable” (item removed from
scoring) and an overall score was derived as an average
score across all applicable items (range = 0 to 1).
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Data synthesis

Quality assessment

Reliability of the methodological quality assessment was
calculated in Stata v13 (College Station, TX: StataCorp
LP). The ĸ statistic (95% CI) was used to report the
inter-rater reliability of the quality ratings between the
two assessors. The ĸ statistic was interpreted as < 0.00
poor agreement; 0.00–0.20 slight agreement, 0.21–0.40
fair agreement, 0.41–0.60 moderate agreement, 0.61–0.80
substantial agreement, and 0.81 to 1.00 almost perfect
agreement [18].

Overall agreement on methodological quality of included
studies was almost perfect (absolute agreement = 98.64%,
ĸ = 0.97, 95% CI 0.85 to 1.00). Agreement was reached
on 215 out of 220 EAI items in total. Consensus was
obtained on the quality rating of the five remaining items.
Overall EAI scores ranged from 0.500 to 0.682 out of a
possible score of 1 (Table 1). The methodological quality
assessment revealed that only two studies (20%) adequately
reported the source of the participant population, 20%
performed sample size calculations and 40% had a control
group adequately comparable to the case group for
important characteristics that could otherwise confound
the findings (e.g. age, sex, etc.). The reliability and validity
of outcome measures were reported by 30% and 10% of
studies respectively. One study collected data on duration
of symptoms yet no studies (0%) accounted for history of
symptoms in analyses. Generalisability of results to other
populations was low (0%); 6 studies reported samples of
convenience and the remaining 4 studies reported data for
participants seeking treatment for their condition (referral
from clinics).

Analysis

Standardised mean differences and 95% CIs were calculated
for continuous variables in Review Manager (RevMan)
V5.3 (Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration) using random effects models.
SMDs were calculated as the difference between PTTD
and control group means, divided by the pooled SD [19].
Where 95% CIs did not contain zero, the difference
between groups was considered statistically significant.
For each outcome measure, a positive SMD reflected
greater values in the PTTD population and a negative
SMD reflected greater values in the control population.
Effect sizes were interpreted based on Hopkins, as follows;
< 0.2 trivial effect, 0.2–0.6 small effect, 0.61–1.2 medium
effect, and > 1.2 large effect [20].
Meta-analysis was performed where similar methodology
and outcome measures (study homogeneity) allowed pooling of data. Chi-squared tests (p < 0.1) and the I2 statistic
were used to quantify study heterogeneity for pooled SMDs
[21] with ≥0.75 considered substantial heterogeneity. A
summary of main findings and study conclusions were presented where data were not available to calculate SMDs.

Results
Flow of studies through the review

The search strategy identified a total of 15,526 articles of
which 7452 were removed as duplicates (Fig. 1). The
remaining 8074 articles were screened by title and abstract
and 73 potentially eligible articles were identified. Full text
screening of the 73 articles excluded 63 articles that did
not meet the inclusion criteria (Fig. 1). The 10 remaining
articles underwent methodological quality assessment and
data extraction. Four authors were contacted for additional
data for five articles. Data from two studies was made available [22, 23] but not from others [24–26] with reasons
being that the data was not collected or not available.
Papers that reported on the same population sample
were only included once in the analysis. One author was
contacted to clarify that two papers [22, 27] reported data
from the same sample, and as no additional (unique) data
was provided, the second paper was excluded [27].

Participants

The 10 included studies contained a total of 213 participants
with PTTD compared to 144 healthy controls. Sample sizes
ranged from 12 [28] to 30 [22, 29, 30] PTTD participants
(Table 2) and 10 [23, 31] to 20 [32] controls. Mean (SD) age
of PTTD patients ranged from 30.3 (7.9) [28] to 61.0 (10.0)
[24] years and the proportion of females ranged from 63.3%
[22] to 100.0% [26, 32].
Table 2 has details of the stage and criteria by which
participants with PTTD were selected. In brief, one study
investigated stage I PTTD [28], two studies investigated
stage I-II PTTD [26, 32] and the remaining seven studies
investigated stage II PTTD only [22–25, 29–31]. The
method of diagnosis was by clinical assessment in all
studies with 9 out of 10 studies requiring both signs of
tendon pathology and flexible flatfoot deformity for a
positive diagnosis. The one study investigating stage I
PTTD [28] required only signs of tendon pathology
including mild swelling and/or tenderness posterior to
the medial malleolus that had been present for at least
3 weeks and aggravated by recreational activity.
Outcome measures

Outcome measures reported for clinical impairments
included heel raise performance [25, 26, 29, 32], leg
muscle strength [22, 24], ankle range of motion [22, 28],
hip muscle function [26], foot posture [22–26, 28–32],
single leg balance [32] and distance walked and pain
experienced during the 6-min walk test (6MWT) [26].
Pain was reported as an outcome measure following the
6MWT [26]. Patient-reported outcome measures included
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Fig. 1 Flow of studies through the review

the Foot Function Index-Revised (FFI-R) [25, 26] and the
Short Musculoskeletal Functional Assessment [23]. Metaanalysis was able to be conducted for a total of eight
outcome measures.
Main findings
Heel raise performance

Two clinical measures of heel raise performance (maximum
number completed and height) were reported across four
studies. Two studies were pooled and found a large effect
size for the number of single leg heel raises performed
by individuals with PTTD compared to controls (i.e.
approximately 7 v 20 respectively; Fig. 2) [26, 32]. One
study reported significantly lower height on single leg
heel raise [25], whereas another reported no differences
for bilateral heel raise height between PTTD and control
groups (Fig. 2) [29].

one study [26]. Large SMDs indicate that participants with
PTTD had significantly reduced hip extensor strength and
endurance compared to controls (Fig. 2). There was a
small-moderate effect for hip abductor muscle strength
differences between PTTD and control groups, which did
not reach statistical significance. SMDs for hip abductor
muscle endurance revealed a significant medium effect with
control participants demonstrating greater hip abductor
muscle endurance than PTTD participants.
Single leg balance

Anteroposterior and mediolateral centre of pressure displacement during single leg stance was moderately greater
in participants with PTTD compared to control (Fig. 2) [32].
The same study reported that 47% (9/19) of participants
with PTTD were unable to maintain single leg balance for
10 s compared with 15% of controls (3/20) [32].

Leg muscle strength

6-min walk test

Combined isometric forefoot adduction and subtalar
inversion strength in plantar flexion was reported in
three studies [22, 24, 28]. Pooled data from two studies
that measured strength in 90 degrees of knee flexion
[22, 24] revealed a moderate deficit (based on an SMD
value of − 1.19) in PTTD compared to controls (MD −
0.27 N/kg) (Fig. 2). The other study measured forefoot
abduction and subtalar inversion strength in full knee
extension [28] and showed no difference (MD 0.01 N/kg).
It was excluded from the pooled analysis due to heterogeneity of testing position.

One study measured distance walked in 6 min (6MWT)
and pain experienced on a 100 mm visual analogue scale
[26]. Participants with PTTD covered a significantly
shorter distance (approximately 74 m) and reported a
significantly higher pain level (22 mm on visual analogue
scale) when compared to individuals without PTTD
(Fig. 2).

Hip muscle function

Hip extensor and abductor muscle strength and endurance
in individuals with PTTD were compared to controls in

Foot posture

Foot posture was examined in two studies by using the
Arch Index (AI) [26, 32] and in eight studies using the
Arch Height Index (AHI) [22–25, 28–31]. Pooled SMDs
for the two studies investigating AI, [26, 32] revealed a
significant large effect indicating that PTTD participants
demonstrated a flatter foot posture compared to controls.

Assessment period of case/control groups

History of disease/symptoms collected and included
in analysis

Q17.

Q18.

Q19.

Key: 1 =” Yes”, 0.5 = “Partial”, 0 = “No” or “Unable to determine”
Abbreviations: EAI epidemiological appraisal instrument

Overall quality score (range 0 to 1)

Generalibility of results to other populations

Standardised assessment

Q16.

Q22.

Validity of outcome measures

Q15.

Adjusted for covariates

Reliability of outcome measures

Q14.

Reported data for subgroups

Blinding of assessors

Q13.

Q21.

Recruitment period for case/control groups

Q12.

Q20.

Sample size calculations

Comparability of case/control groups

Q11.

Main findings of the study clearly described

Q8.

Provides estimates of the random variability in the data

Statistical methods clearly described

Q7.

Q10.

Important covariates and confounders described

Q6.

Q9.

Reported eligibility criteria

Characteristics of study participants described

Q5.

Reported study design

Source of participant population clearly described

Q4.

Main outcomes clearly described

Q2.

Q3.

Hypothesis/aim/ objective clearly described

Q1.
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1
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0
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28

Case-control

Case-control

Unilateral stage II
PTTD

Stage I PTTD

Unilateral stage II
PTTD

Unilateral stage II
PTTD

Unilateral early
stage PTTD
(I or II)

Unilateral early
stage PTTD
(I or II)

Unilateral stage II
PTTD

Unilateral stage II
PTTD

Unilateral stage II
PTTD

Stage II AAFD

Diagnosis

1 or more signs of tendinopathy (tenderness, swelling
or pain with unilateral heel raise) and 1 or more signs
of flexible flatfoot deformity (excessive non-fixed
hindfoot eversion, excessive first metatarsal abduction
or loss of medial longitudinal arch height)

Mild swelling, tenderness, pain posterior to the
medial malleolus, aggravated by recreational activity

1 or more signs of tendinopathy (tenderness, swelling
or pain with unilateral heel raise) and 1 or more signs
of flexible flatfoot deformity (excessive non-fixed
hindfoot eversion, excessive first metatarsal abduction
or loss of medial longitudinal arch height)

1 or more signs of tendinopathy (tenderness, swelling
or pain with unilateral heel raise) and 1 or more signs
of flexible flatfoot deformity (excessive non-fixed
hindfoot eversion, excessive first metatarsal abduction
or loss of medial longitudinal arch height)

Pain along medial ankle, tender on palpation posterior
tibial tendon, lowered medial longitudinal arch,
abducted midfoot, absence of rigid foot deformity

Pain along medial ankle, tender on palpation posterior
tibial tendon, lowered medial longitudinal arch,
abducted midfoot, absence of rigid foot deformity

Signs of tendon pathology (pain and/or swelling
along medial ankle) and flexible flatfoot deformity
(hindfoot eversion, forefoot abduction or loss of
medial longitudinal arch height)

1 or more signs of tendinopathy (tenderness,
swelling or pain with unilateral heel raise) and
1 or more signs of flexible flatfoot deformity
(excessive non-fixed hindfoot eversion, excessive
first metatarsal abduction or loss of medial
longitudinal arch height)

1 or more signs of tendinopathy (tenderness,
swelling or pain with unilateral heel raise) and
1 or more signs of flexible flatfoot deformity
(excessive non-fixed hindfoot eversion, excessive
first metatarsal abduction or loss of medial
longitudinal arch height)

1 or more signs of tendinopathy (tenderness,
swelling or pain with unilateral heel raise)
and 1 or more signs of flexible flatfoot
deformity (excessive non-fixed hindfoot
eversion, excessive first metatarsal abduction
or loss of medial longitudinal arch height)

Selection criteria for PTTD

Foot posture

ROM, Foot posture

Foot posture, PROM

Function & strength,
ROM, Foot posture

Function & strength,
Foot posture, Balance

Function & strength,
Foot posture, PROM

Function & strength,
Foot posture

Function & strength,
Foot posture

Foot posture

Function & strength,
Foot posture, PROM

Clinical impairments

14

12

17

30

19

17

24

30

30

20

12 (85)

9 (75)

14 (82)

19 (63)

19 (100)

17 (100)

18 (75)

21 (70)

22 (73)

14 (70)

56.8 (11.7)

30.3 (7.9)

56.1 (11.6)

58.1 (10.5)

54.6 (6.3)

52.1 (7.5)

61 (10)

59.8 (11.1)

59.3 (10.8)

57 (11.3)

33.7 (7.4)

23.2 (3.4)

33.2 (7.4)

30.6 (5.4)

28.9 (4.5)

29.5 (6.3)

30 (5)

29.9 (4.8)

29.6 (4.8)

30 (5.2)

10

12

10

15

20

17

15

15

15

15

7 (70)

9 (75)

7 (70)

14 (93)

20 (100)

17 (100)

13 (87)

14 (93)

14 (93)

11 (73)

Female (%)

n

BMI kg/m

Control
Age years

n

Female (%)

PTTD

Abbreviations: AAFD adult acquired flatfoot deformity, PTTD posterior tibial tendon dysfunction, ROM range of motion, PROM patient reported outcome measure

Tome 31

Rabbito

Case-control

Neville 23

Case-control

Cross-sectional

32

Cross-sectional
laboratory

Neville 22

Kulig

26

Case-control

Houck 24

Kulig

Cross-sectional
laboratory

Houck 29

Cross-sectional
laboratory

Cross-sectional
laboratory

25

Study design

Houck 30

Chimenti

Study ID

Table 2 Study design, PTTD diagnosis, clinical impairments and participant characteristics, which are presented as mean (SD) or count (percentage)

51.2 (7.3)

28.5 (8.6)

50.2 (6.8)

56.5 (7.7)

50.8 (5.5)

50.7 (5.5)

55 (8)

56.5 (7.7)

56.5 (7.7)

56 (5.3)

Age years

31.8 (3.6)

23.7 (2.8)

31.8 (3.8)

30.6 (3.6)

26.9 (5.9)

26.9 (5.9)

28 (5)

30.6 (3.6)

30.5 (3.6)

26 (4.4)

BMI kg/m
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Fig. 2 Standardised mean difference (95% CI) for function and strength outcomes in PTTD vs controls

AHI in bilateral stance was substantially (large SMD)
lower in individuals with PTTD compared to controls
(Fig. 3) [22–25, 28–31]. There was a large SMD for
AHI taken in a seated position, yet the Arch Rigidity Index
(ratio of standing AHI to seated AHI) was not different
between PTTD and control groups (Fig. 3) [28].
Hindfoot range of motion

Two studies measured hindfoot eversion range of motion
[22, 28] and while the pooled SMD was large, reflecting
more eversion in PTTD compared to controls, this was
not statistically significant (confidence intervals contained 0) (Fig. 3).
Self-reported function

Five studies investigated self-reported function compared
to controls using the Foot Function Index-Revised (FFI-R)
[25, 26] and the Short Musculoskeletal Functional Assessment [23]. Pooled SMDs were calculated for the stiffness,
difficulty and social subscales of the FFI-R with large
effect sizes demonstrating significantly more self-reported
stiffness, difficulty and social restrictions in individuals
with PTTD (Fig. 4). As one study reported an SD of 0 for
the pain and function subscales, pooled SMDs were not
able to be calculated [25]. Another study [26] revealed
that compared to controls, participants with PTTD had

significantly higher self-reported pain and activity limitations (Fig. 4).
Participants with PTTD demonstrated significantly more
self-reported mobility difficulties (Fig. 4) than controls on
the Short Musculoskeletal Functional Assessment [22].
No significant differences between groups were found for
functional limitations or the bothersome index (Fig. 4).
Levels of self-reported physical activity were not
significantly different between individuals with PTTD
and controls (Fig. 4) [26].

Discussion
This is the first review to systematically evaluate and synthesise results of research investigating clinical impairments
and self-reported pain and disability associated with PTTD.
Data from meta-analyses indicate strong evidence for lower
arch height and a lesser capacity to perform repeated unilateral heel rise in individuals with PTTD. These deficits align
with the function of posterior tibialis muscle, which is
governed by its orientation and attachments. A large effect
size for a deficit in single leg heel rise height and a medium
effect for combined isometric forefoot adductor and
subtalar invertor muscle strength in plantar flexion from
individual studies further supports impaired muscle function in PTTD.
While meta-analysis revealed strong evidence for lower
arch height in individuals with PTTD compared to controls.
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Fig. 3 Standardised mean difference (95% CI) for foot posture and range of motion outcomes in PTTD vs controls

Fig. 4 Standardised mean difference (95% CI) for patient-reported outcome measures
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The magnitude of this effect must be interpreted with
caution because control participants in five studies
were only included if they had normal AHI and visually
assessed normal foot posture [22, 23, 29–31]. A requirement for pain-free individuals to demonstrate normal
AHI and foot posture may have potentially magnified the
effect seen between PTTD and controls. A finding that
mitigates against this over-estimate of effect is that there
was a large effect size of lower foot arch height in two
studies that did not require controls to demonstrate
normal foot posture. This suggests that key features of
PTTD is likely a combination of both impaired muscle
function (as discussed above) and postural deformity.
Impairments demonstrated in PTTD compared to
controls were not limited to the level of body structure
and function; lower self-reported function and greater
pain also appear to be characteristic of PTTD. Metaanalyses of FFI-R data suggest that stiffness, functional
difficulties and social limitations are key features of PTTD,
with individual study SMDs also showing large effects for
pain and activity limitations. Activity limitations were also
not limited to self-report measures; poorer balance and
mobility were demonstrated in PTTD compared to
controls with a moderate effect. The deficit in physical
capacity (heel raise number and height. and plantar
flexion inversion weakness) and concomitant self-report
concerns in functional, social, and activity limitations as
well as pain ought to be considered in the management of
the condition.
Clinical impairments in PTTD are not limited locally
to the foot and ankle. Medium effects were found for
deficits in hip extension strength and endurance and hip
abduction endurance in individuals with PTTD [26]. Hip
abduction strength deficits did not reach statistical significance (SMD -0.60, 95% CI-1.29, 0.08) yet sample size was
small and this may reflect a type II error. While further
research is needed to determine true effects, these results
are consistent with findings of impaired hip muscle
function in other distal joint pathologies of the lower
limb including knee osteoarthritis [33], patellofemoral
pain [34–36] and midportion achilles tendinopathy [37].
These data suggest the need to assess and consider
addressing any potential deficits in hip muscle capacity in
the management of patients with PTTD.
All studies included within this review pertained to either
stage I (n of studies =1), II (n = 6) or I-II (n = 2) PTTD with
data combined for analysis. Data for stage I and II PTTD
were pooled for two meta-analyses; hindfoot eversion and
AHI. Considering hindfoot eversion, one study that investigated stage II PTTD found strong evidence for increased
hindfoot eversion ROM [22], whereas differences between
individuals with stage I PTTD and controls were less
prominent (Fig. 2) [28]. Similarly, seven of the eight
papers investigating AHI found significant medium to
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large effects for lower AHI in stage II PTTD compared
to controls, whereas AHI in stage I PTTD [28] did not
appear to be different when compared to controls. When
data for these outcomes were pooled, there was substantial heterogeneity (I2 = 87% and 70% respectively) and
wide 95% confidence intervals, which makes it difficult to
draw conclusions about the true effects. The variability
observed may be a result of underlying differences
between stage I and II PTTD and as such, the results
must be interpreted with caution.
Variations in participant characteristics, including age,
BMI and physical activity participation, between studies
investigating stage I and II PTTD need to be considered
in terms of contribution to some of the differences observed
in the outcomes reported in this systematic review. Participants in the study that investigated stage I PTTD were
younger [28] and had a markedly lower BMI [28] than those
in the studies that investigated stage II PTTD (Table 2). Age
and BMI for participants in two studies investigating stage
I-II PTTD [26, 32] sat between those reported for stage I
and stage II separately. All participants in the study that
investigated stage I PTTD were undertaking running
and running-related activities for at least 30 min three
times per week [28]. While physical activity participation
was not reported in most stage II studies, individuals with
stage II PTTD were found to have significant activity limitations compared to controls based on the FFI-R activity
subscale.
As PTTD is considered a progressive condition [1],
younger, active individuals with stage I PTTD may not
yet have progressed to a point where they present with
certain signs of the condition, such as flatfoot deformity or
an everted hindfoot, that may be more apparent in stage II
PTTD. In line with classification systems [1, 7, 8, 38] and
consistent with other studies [39], this suggests that
changes in foot posture may not be a key feature of
stage I PTTD. Differences between stage I and II PTTD
also appear to relate to muscle function. In stage I
PTTD, no difference was found for ankle inverter strength
compared to controls [28]. This is in direct contrast to
results from stage II studies that found strong evidence
for lower isometric forefoot adduction and subtalar inversion strength in individuals with stage II PTTD compared
to controls. This suggests that while pain is a feature in
both stages of PTTD, the tibialis posterior muscle is likely
more competent in stage I of the condition.
There are a number of factors to consider when interpreting results of this systematic review. While no restrictions
were made regarding the stage of condition, these results
apply to only stage I and II PTTD as no data was available
for stage III or IV. Without quantifiable methods for staging
the condition [40], delineation between stages must be
interpreted with caution. While all studies reported
eligibility criteria relating to stage I or II PTTD (100%
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on the quality appraisal), assessment of stage was based
on classification systems that have not been validated
[40]. Clinical differentiation between stage II and III
PTTD has been based on the widely accepted notion
that stage II is a flexible deformity, whereas in stage III
the deformity is fixed [1]. The problem with this is that
the method used to determine flexibility of the deformity
is not reported. Perhaps this is an omission in reporting
but it is more likely due to the lack of a valid clinical
method of quantifying flexibility. Future research investigating clinical tools that may be able to provide a valid
and reliable method of determining the stage of the condition would be beneficial for clinicians and academics.
Another consideration is that this review was limited to
10 studies with relatively small sample sizes. The outcome
with the strongest effect was based on a sample of 177
individuals with PTTD and 107 controls. The majority of
outcomes had a sample size much smaller than this, and
were calculated from individual papers. Small sample sizes
and heterogeneity among included studies suggests effect
estimates should be interpreted with caution. While SMDs
were calculated in this review where possible to overcome
small sample sizes, the current small body of PTTD literature would benefit from larger, well-designed studies.

Conclusion
This review has appraised the existing literature and
shows that PTTD is characterised by impairments related
to both local tendon dysfunction and foot posture as
expected. However, the condition is also associated
with changes in hip strength, walking, balance and global
measures of self-reported function. These results highlight
the need to consider both local impairments and measures
of overall function when assessing the presentation and
impact of the condition clinically, the effectiveness of
PTTD management, and when designing future studies.
Additional file
Additional file 1: PRISMA Checklist. (DOC 62 kb)
Abbreviations
6MWT: 6-min walk test; AAFD: Adult acquired flatfoot deformity; AHI: Arch
height index; AI: Arch index; CI: Confidence interval; EAI: Epidemiological
appraisal instrument; FFI-R: Foot function index-Revised; PTTD: Posterior tibial
tendon dysfunction; SMD: Standardised mean difference
Funding
BV is supported by the National Health and Medical Research Council (NHMRC)
Program Grant (#631717), MHR is supported by the University of Queensland
Research Training Program (RTP) Scholarship, and MLP is supported by the
International Postgraduate Research Scholarship (IPRS)/University of Queensland
Centennial Scholarship (UQcent).
Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analysed during the current study.

Page 10 of 11

Authors’ contributions
MHR was responsible for conception and design, acquisition of data, analysis
and interpretation of data, drafting and revising the manuscript. MS and BV
were responsible for conception and design, interpretation of data and
revising the manuscript. MLP was responsible for acquisition and analysis of
data. All authors read and approved the final manuscript.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 11 July 2018 Accepted: 21 August 2018

References
1. Myerson MS. Adult acquired flatfoot deformity: treatment of dysfunction of
the posterior tibial tendon. J Bone Joint Surg Am. 1996;78(5):780–92.
2. Kohls-Gatzoulis J, Woods B, Angel JC, Singh D. The prevalence of
symptomatic posterior tibialis tendon dysfunction in women over the age
of 40 in England. Foot Ankle Surg. 2009;15(2):75–81.
3. Mann RA, Thompson FM. Rupture of the posterior tibial tendon causing flat
foot. Surgical treatment. J Bone Joint Surg Am. 1985;67(4):556–61.
4. Funk DA, Cass JR, Johnson KA. Acquired adult flat foot secondary to
posterior tibial-tendon pathology. J Bone Joint Surg Am. 1986;68(1):95–102.
5. Kohls-Gatzoulis J, Angel J, Singh D. Tibialis posterior dysfunction as a cause
of flatfeet in elderly patients. Foot. 2004;14(4):207–9.
6. Kohls-Gatzoulis J, Angel JC, Singh D, Haddad F, Livingstone J, Berry G.
Tibialis posterior dysfunction: a common and treatable cause of adult
acquired flatfoot. BMJ. 2004;329(7478):1328–33.
7. Johnson KA, Strom DE. Tibialis posterior tendon dysfunction. Clin Orthop
Relat Res. 1989;239:196–206. https://journals.lww.com/clinorthop/Abstract/
1989/02000/Tibialis_Posterior_Tendon_Dysfunction.22.aspx.
8. Bluman EM, Title CI, Myerson MS. Posterior tibial tendon rupture: a refined
classification system. Foot Ankle Clin. 2007;12(2):233–49.
9. Premkumar A, Perry MB, Dwyer AJ, Gerber LH, Johnson D, Venzon D, et al.
Sonography and MR imaging of posterior tibial tendinopathy. AJR Am J
Roentgenol. 2002;178(1):223–32.
10. Lim PS, Schweitzer ME, Deely DM, Wapner KL, Hecht PJ, Treadwell JR, et al.
Posterior tibial tendon dysfunction: secondary MR signs. Foot Ankle Int.
1997;18(10):658–63.
11. Arangio GA, Waser T, Rogman A. Radiographic comparison of standing
medial cuneiform arch height in adults with and without acquired flatfoot
deformity. Foot Ankle Int. 2006;27(8):636–8.
12. Ellis SJ, Yu JC, Williams BR, Lee C, Chiu Y, Deland JT. New radiographic
parameters assessing forefoot abduction in the adult acquired flatfoot
deformity. Foot Ankle Int. 2009;30(12):1168–76.
13. Alvarez RG, Marini A, Schmitt C, Saltzman CL. Stage I and II posterior tibial
tendon dysfunction treated by a structured nonoperative management
protocol: an orthosis and exercise program. Foot Ankle Int. 2006;27(1):2–8.
14. Augustin JF, Lin SS, Berberian WS, Johnson JE. Nonoperative treatment of adult
acquired flat foot with the Arizona brace. Foot Ankle Clin. 2003;8(3):491–502.
15. Houck J, Neville C, Tome J, Flemister A. Randomized controlled trial
comparing crthosis augmented by either stretching or stretching and
strengthening for stage II tbialis posterior tendon dysfunction. Foot Ankle
Int. 2015;36(9):1006–16.
16. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting
items for systematic reviews and meta-analyses: the PRISMA statement. BMJ.
2009;339:b2535.
17. Genaidy AM, Lemasters GK, Lockey J, Succop P, Deddens J, Sobeih T, et al.
An epidemiological appraisal instrument - a tool for evaluation of
epidemiological studies. Ergonomics. 2007;50(6):920–60.

Ross et al. Journal of Foot and Ankle Research (2018) 11:49

18. Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33(1):159–74.
19. Deeks JJ HJ, Altman DG. Analysing data and undertaking meta-analyses. 2008
[cited 14 Dec 2017]. In: Cochrane Handbook for Systematic Reviews of
Interventions [Internet]. The Cochrane Collaboration, [cited 14 Dec 2017].
Available from: http://onlinelibrary.wiley.com/doi/10.1002/9780470712184.ch9/pdf.
20. Hopkins WG. A new view of statistics. 2007 [cited 14 Dec 2017]. In: internet
Society for Sport Science [internet]. [cited 14 Dec 2017]. Available from:
http://www.sportsci.org/resource/stats/index.html
21. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency
in meta-analyses. BMJ. 2003;327(7414):557.
22. Neville C, Flemister AS, Houck JR. Deep posterior compartment strength
and foot kinematics in subjects with stage II posterior tibial tendon
dysfunction. Foot Ankle Int. 2010;31(4):320–8.
23. Neville C, Flemister A, Tome J, Houck J. Comparison of changes in posterior
tibialis muscle length between subjects with posterior tibial tendon
dysfunction and healthy controls during walking. J Orthop Sports Phys Ther.
2007;37(11):661–9.
24. Houck J, Nomides C, Neville CG, Flemister AS. The effect of stage II posterior
tibial tendon dysfunction on deep compartment muscle strength: a new
strength test. Foot Ankle Int. 2008;29(9):895–902.
25. Chimenti RL, Tome J, Hillin CD, Flemister AS, Houck J. Adult-acquired flatfoot
deformity and age-related differences in foot and ankle Kknematics during the
single-limb heel-rise test. J Orthop Sports Phys Ther. 2014;44(4):283–90.
26. Kulig K, Popovich JM Jr, Noceti-Dewit LM, Reischl SF, Kim D. Women with
posterior tibial tendon dysfunction have diminished ankle and hip muscle
performance. J Orthop Sports Phys Ther. 2011;41(9):687–94.
27. Neville C, Flemister AS, Houck J. Total and distributed plantar loading in
subjects with stage II tibialis posterior tendon dysfunction during terminal
stance. Foot Ankle Int. 2013;34(1):131–9.
28. Rabbito M, Pohl MB, Humble N, Ferber R. Biomechanical and clinical factors
related to stage I posterior tibial tendon dysfunction. J Orthop Sports Phys
Ther. 2011;41(10):776–84.
29. Houck J, Neville CG, Tome J, Flemister A. Foot kinematics during a bilateral
heel rise test in participants with stage II posterior tibial tendon dysfunction.
J Orthop Sports Phys Ther. 2009;39(8):593–603.
30. Houck JR, Neville CG, Tome J, Flemister AS. Ankle and foot kinematics
associated with stage II PTTD during stance. Foot Ankle Int. 2009;30(6):530–9.
31. Tome J, Nawoczenski DA, Flemister A, Houck J. Comparison of foot
kinematics between subjects with posterior tibialis tendon dysfunction and
healthy controls. J Orthop Sports Phys Ther. 2006;36(9):635–44.
32. Kulig K, Lee S-P, Reischl SF, Noceti-DeWit L. Effect of posterior tibial tendon
dysfunction on unipedal standing balance test. Foot Ankle Int. 2015;36(1):83–9.
33. Deasy M, Leahy E, Semciw AI. Hip strength deficits in people with
symptomatic knee osteoarthritis: a systematic review with meta-analysis.
J Orthop Sports Phys Ther. 2016;46(8):629–39.
34. Lankhorst NE, Bierma-Zeinstra SMA, van Middelkoop M. Factors associated
with patellofemoral pain syndrome: a systematic review. Br J Sports Med.
2013;47(4):193–206.
35. Prins MR, van der Wurff P. Females with patellofemoral pain syndrome have
weak hip muscles: a systematic review. Aust J Physiother. 2009;55(1):9–15.
36. Rathleff MS, Rathleff CR, Crossley KM, Barton CJ. Is hip strength a risk factor
for patellofemoral pain? A systematic review and meta-analysis. Br J Sports
Med. 2014;48(14):1088.
37. Habets B, Smits DW, Backx FJG, van Cingel REH, Huisstede BMA. Hip muscle
strength is decreased in middle-aged recreational male athletes with
midportion Achilles tendinopathy: a cross-sectional study. Phys Ther Sport.
2016;25:55–61.
38. Ross MH, Smith MD, Vicenzino B. Reported selection criteria for adult
acquired flatfoot deformity and posterior tibial tendon dysfunction: are they
one and the same? A systematic review. PLoS One. 2017;12(12):e0187201.
39. Shibuya N, Ramanujam CL, Garcia GM. Association of tibialis posterior
tendon pathology with other radiographic findings in the foot: a casecontrol study. J Foot Ankle Surg. 2008;47(6):546–53.
40. Abousayed MM, Tartaglione JP, Rosenbaum AJ, Dipreta JA. Classifications in
brief: Johnson and Strom classification of adult-acquired flatfoot deformity.
Clin Orthop Relat Res. 2016;474(2):588–93.

Page 11 of 11

