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Abstract
Objective We aim to discuss the association of isolated atro-
phy of the abductor digiti quinti muscle in patients with rheu-
matoid arthritis as well as review the anatomy and imaging
findings of this condition on MRI.
Materials and methods A consecutive series of 55 patients
diagnosed with rheumatoid arthritis according to the 2010
ACR/EULAR classification criteria were recruited. MRI of
the clinically dominant feet was performed using a 1.5-T
scanner.
Results The study population was predominantly female
(94.5%), and the age range was 31–79 years (mean
57.5 ± 11). A total of 55 ankles were examined by MRI, and
20 patients (36.3%), all females, showed abductor digiti quinti
denervation signs. Seven patients demonstrated severe fatty
atrophy of the abductor digiti quinti, corresponding to
Goutallier grade 4, 2 patients showed moderate fatty atrophy
(Goutallier grade 3), and the remaining 11 patients showed
less than 50% fatty atrophy, corresponding to a Goutallier
grade 2. Substantial agreement was found for both intra- and
interobserver agreement regarding the Goutallier grading
system.
Conclusion Prevalence of signs of abductor digiti quinti de-
nervation on MRI was high in the studied population,

suggesting that rheumatoid arthritis may be associated with
inferior calcaneal nerve compression.
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Introduction

The inferior calcaneal nerve (ICN), also referred to as Baxter
nerve, is the first branch of the lateral plantar nerve and pro-
vides motor innervation to the abductor digiti quinti (ADQ)
and sometimes to the flexor digitorum brevis and lateral half
of the quadratus plantae [1, 2]. Chronic compression of this
nerve structure results in denervation signs of ADQ in the
MRI, characterized by atrophy and fatty infiltration [3].
Clinically, it is manifested by pain and paresthesia of the cal-
caneus and can also cause weakness of the ADQ that can be
difficult to detect clinically. These findings are part of Baxter
neuropathy, which may be the cause of up to 20% of cases of
pain in the calcaneus and is often misdiagnosed [4, 5].

The known causes of ICN entrapment are advanced age,
calcaneal spurs, plantar fasciitis, masses/vascular compres-
sion, muscular hypertrophy, obesity and foot hyperpronation
[1, 4, 6, 7]. The literature does not mention rheumatoid arthri-
tis (RA) as a possible cause of this condition.

In this article, we discuss the association of isolated atrophy
of the ADQ muscle in patients with RA and review the anat-
omy and imaging findings of this condition on MRI.

Materials and methods

Patients A consecutive series of 55 patients diagnosed with
RAwere recruited from the rheumatology outpatient clinic of
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the University Hospital Cassiano Antonio Moraes between
February and December 2014. The present study expands
upon a larger work from our laboratory that examined the
correlation between disease activity and MRI scores in rheu-
matoid arthritis patients. We included patients of all ages with
an established diagnosis of RA according to the 2010 ACR/
EULAR classification criteria. Exclusion criteria involved pa-
tient’s refusal to participate in the study, concomitance of RA
with other rheumatic diseases with arthropathy and contrain-
dication for an MRI scan. Ethical approval for the project was
obtained from the Local Ethics Committee. Written informed
consent was obtained from all subjects prior to inclusion.

Magnetic resonance imagingMRI of the clinically dominant
foot was performed using a 1.5-T scanner (Achieva, Philips,
The Netherlands, Best), according to the parameters detailed
in Table 1. To determine the degree of fatty infiltration of the
ADQ, MRI studies were read in consensus by two experi-
enced musculoskeletal radiologists (RAFM and RBL, 12
and 11 years of experience, respectively), using the grading
system described by Goutallier et al. [8]. This system is a five-
tiered classification based on the proportion of fat within the
muscle tissue: grade 0, normal muscle; grade 1, mild fatty
infiltration with some fatty streaks; grade 2, more muscle tis-
sue than fat; grade 3, moderate infiltration with equal fat and
muscle tissue; grade 4, greater than 50% fatty muscle infiltra-
tion. The entire muscle volume was considered for grading,
not just a single slice, using coronal T1-weighted images. To
assess inter- and intraobserver agreement, all studies were
independently analyzed a second time by both radiologists,
blinded to each other's results.

Statistical analysis Cohen’s kappa (k) statistics were used to
calculate intra- and interobserver agreement between the two
readers for the ADQ fatty atrophy grading. Agreement was
interpreted as determined by Landis and Koch [9]: poor
(k < 0.00), slight (k = 0.00–0.20), fair (k = 0.2–0.4), moderate
(k = 0.41–0.60), substantial (k = 0.61–0.80) and almost perfect
(k = 0.81–1.00). After obtaining formal permission from Recht
et al. [10], we used two-tailed Fisher’s exact test to compare their
data with our results regarding the frequency of ADQ atrophy.

Data evaluation and statistical analysis were performed using
SPSS software, version 22 (SPSS, Chicago, IL, USA).

Results

Demographic and clinical features

The study population was predominantly female (94.5%), and
the age range was 31–79 years (mean 57.5 ± 11). Further
characteristics are summarized in Table 2.

MRI findings

A total of 55 ankles were examined by MRI, and 20 patients
(36.3%), all females, showed ADQ denervation signs (Figs. 1,
2). Seven patients demonstrated severe fatty atrophy of the
ADQ, corresponding to Goutallier grade 4, 2 patients showed
moderate fatty atrophy (Goutallier grade 3), and the remaining
11 patients showed less than 50% fatty atrophy, corresponding
to a Goutallier grade 2 (Table 3). Substantial agreement was
found for both intra- and interobserver agreement regarding
the Goutallier grading system. The interobserver agreement be-
tween both radiologists was 76%, with a kappa of 0.672 (95%
CI: 0.526–0.819). Intraobserver agreement was 80%, with a
kappa of 0.703 (95% CI: 0.552–0.854). Associated MRI find-
ings are shown in Table 4, and we grouped edema/erosions/
synovitis as Bhindfoot arthritis^ since patients showed mixed
degenerative and inflammatory lesions in the hindfoot.

We also compared our results with those described by
Recht et al. [10] regarding patients with and without fatty
degeneration of the ADQ. Our sample demonstrated 36.3%
of patients with fatty degeneration in contrast to 6.3% from
Recht’s patients, a statistically significant difference, resulting
in a two-tailed Fisher’s exact test P value of less than 0.0001.

Discussion

Patients with neuropathies of the ankle may demonstrate a
variety of clinical symptoms and exhibit a confusing clinical

Table 1 MRI acquisition parameters

Sequence TR/TE (ms) Echo train Matrix Number of averages Slice thickness (mm) Field of view (mm)

Coronal T2 SPAIR 3000/40 17 208 × 134 2 3.5 120 × 99

Axial T2 SPAIR 2300/35 12 308 × 131 2 3 210 × 109

Sagittal T2 SPAIR 4000/35 14 307 × 168 2 3 260 × 120

Coronal T1 630/5.5 7 208 × 138 1 3.5 120 × 99

Axial T1 650/8 7 208 × 169 1 2 210 × 120

Sagittal T1 680/7 5 416 × 350 2 2 260 × 120

SPAIR: SPectral Attenuated Inversion Recovery
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presentation [7, 11, 12], reported to be underdiagnosed or
misdiagnosed as plantar fasciitis or other clinical entities re-
lated to heel pain, such as fat pad atrophy, apophysitis and
calcaneal stress fracture [13–15]. Clinical history, physical
examination and electrodiagnostic testing are routinely
employed in the investigation of neuropathies, but have been
shown not always to be reliable [7].

MR imaging and MR neurography, with its superior soft
tissue contrast, allow comprehensive evaluation of the nerves
as well as the surrounding soft tissues and adjacent osseous
structures. As pointed out by Kim et al. [3], MRI will not be
able to confirm the nerve entrapment directly in some cases,
but even so, it will be able to demonstrate the muscle signal
alterations related to the denervation [3, 7, 14, 16]. MRI signal
intensity patterns will differ depending upon the duration and
severity of the denervation. Acute and subacute muscle dener-
vation will present with high signal intensity on images from

with fluid-sensitive sequences, such as T2-weighted or STIR/
SPAIR images, and normal signal intensity on T1-weighted
images [17]. In chronically denervated muscles, as present in
the cases shown here, different grades of atrophy and fatty
replacement will be encountered, demonstrating reduced mus-
cle volume and high signal intensity on T1-weighted images
[18].

The ICN, also known as Baxter nerve, is typically the first
branch of the lateral plantar nerve, coursing vertically between
the abductor hallucis and quadratus plantae muscles and then
taking a 90° turn from a vertical to horizontal position as it
courses from the medial foot to the ADQ muscle beneath the
calcaneus [1, 7, 19, 20]. In some cases, this nerve may take off
directly from the posterior tibial nerve [2, 21]. Different stud-
ies have shownmany causes of ICN nerve entrapment, includ-
ing hypermobile pronated feet [22], plantar fasciitis, calcaneal
spurs, abductor hallucis or quadratus plantae hypertrophy, ac-
cessory musculature, obesity, stretching and tethering of the
lateral plantar nerve in patients with a cavus-type foot [1, 13,
23]. Three known sites of ICN entrapment have been de-
scribed: deep to or adjacent to the fascial edge of a
hypertrophied abductor hallucis muscle, at the point where
the nerve turns 90° along the medial edge of the quadratus
plantae muscle and more distally adjacent to the medial cal-
caneal tuberosity because of calcaneal spurs or soft-tissue in-
flammatory changes (plantar fasciitis) [1, 7, 24].

Rheumatoid arthritis is a systemic disease that often affects
the foot and ankle. Some studies have shown that involvement
of the feet is as prevalent as in the hands [25] and that this
involvement is usually severe and precedes the hand [26].
Approximately 20% of patients with rheumatoid arthritis pres-
ent initially with foot and ankle symptoms, and most patients
will eventually develop foot and ankle symptoms [27]. Many
studies have shown that involvement of the hindfoot in pa-
tients with RA increases with a longer disease duration
[28–30]. As noted by Spiegel and Spiegel [31], when disease

Fig. 1 Coronal (a) and sagittal
(b) T1 images of the left hindfoot
of a 60-year-old female patient
with rheumatoid arthritis,
showing severe atrophy and fatty
infiltration selectively involving
the ADQ (Goutallier grade 4).
Signal intensity of the ADQ
(arrows) is similar to that of the
adjacent subcutaneous fat, with
no signs of edema

Table 2 Demographic and clinical characteristics

Age, years 57.5 (31–79)

Female, n (%) 52 (94.5%)

DAS28-CRP 2.9 (1–6)

Disease duration, months 125.9 (24–480)

Type of treatment, n (%)

MTX 35 (63.6%)

DMARD-synthetic 30 (54.5%)

DMARD-biologic 16 (29.1%)

Combined DMARD therapy (≥2 DMARDs) 8 (14.5%)

Glucocorticoids 7 (12.7%)

NSAID 13 (23.6%)

N (minimum-maximum); DAS28, Disease Activity Score; CRP, C-
reactive protein. MTX, methotrexate

DMARD, disease-modifying antirheumatic drug; NSAID, nonsteroidal
anti-inflammatory drug
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duration was less than 5 years, only 8% of patients had
hindfoot deformity, increasing to 25% when the disease dura-
tion was longer than 5 years, which was the case in our patient
sample.

In comparison with the study by Recht et al. [10] in a large
patient sample that showed that selective atrophy of ADQ is
not a rare finding and described it on 6.3% of ankle MRIs, we
found a statistically significantly higher prevalence among our
RA patients (36.3%). Our prevalence was also higher than that
found by Schmid et al. [32] in asymptomatic individuals (5–
6% in volunteers and 4–11% in patients). We postulate that
due to the long disease duration of our sample, hindfoot de-
formities were more likely and could lead to abnormal me-
chanical stresses, facilitating ICN entrapment.

In the study by Oh et al. [33] regarding the grading system
for fatty degeneration of rotator cuff muscles, they found rel-
atively low interobserver reliability, although they included
both CT and MRI images in their analysis and the grading
was performed by radiologists and orthopedic surgeons with
unequal levels of experience. Our results, using only MRI
images and analyzed exclusively by experienced radiologists,
showed a substantial agreement for both inter- and
intraobserver reliability.

In another study by Mizuno et al. [34], they described sex
differences in the branching level of the ICN showing that it
branched below the malleolar-calcaneal axis in half of female
feet and none of the male feet and that this difference may be a

cause of the female predominance of nerve damage.
Considering that all of our patients with ADQ atrophy were
female, this branching pattern may have contributed to a
higher incidence of ICN denervation, possibly due to in-
creased mechanical extension and compression in cases where
the ICN nerve branches below the malleolar-calcaneal axis.

In our review, our study was the first to demonstrate this
relationship between RA and ADQ denervation, and consid-
ering that foot and ankle pain is often misdiagnosed, proper
use of imaging techniques and familiarity with the MRI find-
ings of nerve entrapment are desired. Prompt diagnosis and
appropriate treatment will help avoid or delay severe disabil-
ity, which could have an impact on both a patient’s employ-
ment and sports activities.

Patients with chronic RA do not only suffer from erosions
and synovitis. Thus, regarding implications for patient care,
this description of increased prevalence of ADQ denervation
raises suspicion for other diagnoses that may cause symptoms
and limitations, even in the absence of inflammatory activity.
This reinforces the need for multidisciplinary care for the
rheumatoid patient, including specialized foot orthopedists
and specialists in the treatment of chronic pain.

Finally, we emphasize the fact that MRI allows identifica-
tion of non-inflammatory pathologies (such as the ADQ de-
nervation), which may be symptomatic and misinterpreted

Fig. 2 Coronal (a) and sagittal
(b) T1 images of the left hindfoot
of a different patient (65-year-old
female), this time demonstrating
moderate atrophy and fatty
infiltration (arrows) selectively
involving the ADQ (Goutallier
grade 3)

Table 4 Associated
MRI findings MRI findings n (%)

Hindfoot arthritis* 19 (34.5%)

Plantar enthesophytes 17 (30.9%)

Plantar fasciitis 11 (20.0%)

Rheumatoid nodule 6 (10.9%)

Tarsal coalition 2 (3.6%)

*Mixed degenerative and inflammatory
arthritis

Table 3 Goutallier
grading system results Grade n (%)

0 5 (9.1%)

1 30 (54.5%)

2 11 (20.0%)

3 2 (3.6%)

4 7 (12.7%)
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from a clinical point of view, sometimes mistakenly consid-
ered as higher disease activity, inducing overtreating with po-
tential side effects. The recognition of the higher prevalence of
this entity in this group of patients alerts us to the possibility of
other diagnoses that may coexist with the joint damage
resulting from the underlying disease.

Our study had limitations. We were unable to properly
evaluate hindfoot deformity since many MRI studies had no
adequate coronal images to measure the tibio-calcaneal angle
because of either anatomic variations or the short segment of
the tibia being included on ankle MRI. Another limitation was
that although the selection of our patients was consecutive, we
recruited a lower proportion of men than expected. Therefore,
it is not possible to make any inference regarding gender and
the frequency of ADQ atrophy in RA. Subsequent studies
stratified by sex may help clarify this question.

In conclusion, rheumatoid arthritis patients show a high
prevalence of signs of abductor digiti quinti denervation on
MRI, suggesting that rheumatoid arthritis may be associated
with inferior calcaneal nerve compression. Further research
could be performed to evaluate mechanical and inflammatory
changes of the hindfoot in rheumatoid arthritis patients to
elucidate their relationship with inferior calcaneal nerve
entrapment.
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