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Introduction
Rheumatoid arthritis (RA) is a chronic systemic 
rheumatic inflammatory disorder predominantly 
affecting synovial joints. The inflammatory response 
within the joint synovium leads to joint erosion, 
ligament laxity, and subsequent deformity. In 
addition, extra-articular manifestations occur in 
10–20% of patients, especially those with high titers 
of rheumatoid factor. Extra-articular pathology 
includes bursitis, tendonitis, fasciitis, neuritis, and 
vasculitis [1,2].

Clinical involvement of the peripheral nervous system 
may be asymptomatic in the early stages of the 
rheumatoid disease or may present with a wide variety 
of symptoms such as pain, paresthesias, and muscle 

weakness. These symptoms may mimic and overlap 
with those of arthritis [3]. In presence of severe joint 
disease, restriction, pain, and deformities, symptoms of 
neuropathy may be overlooked or overestimated [2,4].

For persons with RA, the prevalence of foot pain has 
been reported in varying numbers within the published 
literature [5]. Although patients with RA complain 
of foot pain and disability because of foot problems, 
physicians generally overlook or neglect the feet in 
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routine clinical examination. This is because feet and 
ankles are not included as part of the Disease Activity 
Scoring in 28 joints (DAS28) scoring system, which 
is generally used to assess disease activity and helps to 
define clinical remission of the disease. Hence, patients 
in remission may suffer from foot disease activity, as 
shown in the previous studies [6].

Evaluation mainstays of the rheumatoid foot include 
both electrophysiological and imaging techniques [2]. 
Musculoskeletal ultrasound (MSUS) is an attractive 
method of imaging because of its low cost, absence of 
harmful radiation, and rapidity of imaging. Compared 
with standard radiography, ultrasonography (US) is 
shown to be superior at detecting joint erosions early 
in the course of the disease. In addition, it can study 
tendon involvement, which often accompanies and in 
some cases precedes the evidence of the disease at the 
joint level [2,7].

This study aimed to evaluate neuropathic foot pain in 
patients with RA using electrophysiological studies 
and MSUS to address the association between these 
findings and disease activity. Electrophysiology was 
used to assess the peripheral electrophysiological 
changes in the rheumatoid feet, whereas MSUS 
was used to assess bone erosions and synovitis in 
these patients. Evaluation of the usefulness of this 
combination was undertaken.

Patients and methods
After the approval of the protocol from our ethical 
committee and after providing detailed information to 
the patients as regards the aim and procedures of the 
study, 50 patients with RA having neuropathic pain in 
their feet gave their consent and were then enrolled 
in this study. The patients were recruited from the 
Physical Medicine & Rehabilitation Clinic, Menoufia 
University Hospitals.

RA was diagnosed according the 2010 ACR/EULAR 
criteria for classification of RA [8]. Characteristics of 
neuropathic pain described by the patients included 
in the study were burning; painful, cold sensations or 
electric shocks possibly associated with tingling, pins, 
and needles; numbness; or itching [9].

Patients were excluded if they had diabetes mellitus, 
L5 and S1 radiculopathies, space occupying lesions at 
the tarsal tunnel, foot trauma and fractures, congenital 
or post-traumatic foot deformity, varicose veins and 
deep venous thrombosis, severe obesity by BMI or 
lower limb edema. Moreover, patients with peripheral 
neuromyopathy or arthritis due to systemic or local 

disease ‘other than RA’ or drug-induced were not 
included in our study.

According to the cut-off point of the DAS28 [10], the 
patients were divided into two groups: group I (active 
RA) and group II (inactive RA). Group III constituted  
the healthy controls, 25 in number.

All the patients were subjected to a detailed history-
taking. Assessment of foot function was carried out 
using the Swindon Foot and Ankle Questionnaire 
(SFAQ), which is a simply worded 10-point 
foot-and-ankle screening questionnaire with 
diagrams for rapid screening in routine rheumatology 
outpatients [11]. Assessment of functional disability 
was performed using the Stanford Health Assessment 
Questionnaire Disability Index (HAQ-DI), which 
consists of eight questions regarding the limitations 
that the patients experience in performing daily 
physical activities [12].

Complete rheumatologic examination was carried 
out for every participant, including neurological 
examination of the four extremities with special 
emphasis on excluding upper motor neuron lesions or 
lesions affecting any part of the lower motor neuron 
pathway other than the peripheral nerves. Moreover, 
saphenous neuropathy, sciatic neuropathy and proximal 
affection of tibial, and common peroneal nerves were 
excluded.

In this study, the Medical Research Council 
grading scale (0–5) was used for muscle strength 
assessment [13]; muscle weakness was assumed to be 
present if any muscle in the lower limb has a score less 
than 5. Abnormal muscle mass index indicated muscle 
wasting [14]. Eliciting Tinel’s sign was considered as 
an objective clinical sign for possible tibial or peroneal 
nerve entrapments [2,15]. In addition, superficial 
sensations using a pinprick were examined and an 
altered pinprick response was used to infer a possible 
neuropathic pain [16].

Electrophysiological testing
All 50 patients along with the controls were tested 
by the Neuropack M1 electromyograph (EMG) 
apparatus (Nihon Kohden, Tokyo, Japan). Nerve 
conduction (motor and sensory) studies were 
conducted on bilateral medial plantar, lateral plantar, 
deep peroneal, superficial peroneal, and sural nerves. 
Needle EMG was also performed bilaterally on 
the tibialis anterior and abductor hallucis muscles. 
This was done as described in a study by Kim and 
colleagues [17–24]. Findings were presented as the 
mean value of both sides.
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It was proposed that abnormal sural and/or peroneal 
sensory responses along with any abnormalities 
in the plantar nerves were likely secondary to 
a polyneuropathy [22]. Diagnosis of posterior 
tibial nerve entrapment at the ankle was based on 
measuring the distal motor latency and distal sensory 
latency of both medial and lateral plantar nerves as 
well as their compound muscle action potential and 
sensory nerve action potential amplitudes. Calculated 
cut-off points of the electrophysiological parameters 
were used. It was proposed that the affection of any 
parameter of the electrophysiological study reflects 
pathologic affection of the related nerve [22,25]. 
Finally, diagnosis of peroneal nerve entrapment at the 
fibular neck was based on certain neurophysiological 
criteria:

(i)	 Demyelinating lesion,
(ii)	 Compound muscle action potential axonal 

damage,
(iii)	Mixed involvement (conduction block plus axonal 

damage), and
(iv)	Sensory nerve action potential axonal loss [26–28].

Musculoskeletal ultrasound testing
A commercially available real-time scanner (Hitachi 
Medical Systems, Tokyo, Japan) was used for the 
US examination using a multilinear high-frequency 
(10 MHz) linear array transducer. The patients 
underwent systematic multiplanar, bilateral and 
dynamic gray-scale US and Power Doppler 
ultrasound (PDUS) assessments of the ankle joint 
and the extra-articular portion of foot complex, as 
described by Riente et al. [29].

The ankle joint was evaluated in both transverse and 
longitudinal planes, regarding three criteria: synovitis, 
power Doppler (PD) signal, and erosions.

Joint synovitis, which was detected by gray-scale US, 
was defined as the presence of synovial hypertrophy 
and/or intra-articular effusion. Active synovitis was 
defined as intra-articular synovitis detected with PD 
signal [30]. Intra-articular PD activity was evaluated 
using a semiquantitative four-grade scale of 0–3 [31,32]. 
According to OMERACT guidelines, joint erosion 
was defined as intra-articular discontinuity of the 
bone surface, which was visible in two perpendicular 
planes [33]. Erosions were recorded as either present 
or absent.

Diagnosis of tarsal tunnel syndrome (TTS) was based 
on detection of anatomically relevant changes of the 
tarsal tunnel, associated with RA, mainly signs of active 
inflammation affecting soft tissue within the tunnel: 
tenosynovitis/synovial hypertrophy with or without 

effusion, tendinitis, paratenonitis, as well as bursitis 
with effusion and/or synovial hypertrophy [2].

The current study faced multiple technical 
considerations for sonography of the posterior tibial 
and deep peroneal nerves at their tunnels as a 10 MHz 
probe was used, whereas superficially located nerves 
such as the median nerve, ulnar nerve, peroneal and 
tibial nerves should be examined with transducers of 
15–18 MHz [34].

Statistical methods
Statistical analyses were performed with SPSS 20 
for Windows (SPSS Inc., Chicago, Illinois, USA). 
For continuous variables, Mann–Whitney U-test or 
independent-sample Student’s t-test was used for 
comparison between two groups. For comparison 
between three groups, one-way ANOVA test 
or Kruskal–Wallis test was used. For categorical 
variables, c2-test was used. In addition, bivariate 
regression analysis (r-test) was performed to assess the 
independent association between the nerve conduction 
study (NCS)/EMG variables and disease activity in 
each patient group. A P-value of less than or equal 
to 0.05 was considered statistically significant and a 
P-value of less than or equal to 0.001 was considered 
highly statistically significant.

Results

Demographic and clinical characteristics
A total of 50 patients and 25 controls were enrolled in 
the present study. Demographic data are presented in 
Table 1. It shows that there was a significant prevalence 
of muscle weakness and wasting among patients in 
group I when compared with group II patients. An 
altered pinprick response, in the form of mechanical 
allodynia and/or hyperalgesia/hypoalgesia, showed 
no significant relationship between this deficit and 
disease activity (P > 0.05). It was found in 37 (74%) 
patients; 30 (60%) patients showed a bilateral deficit, 
whereas the other seven (14%) patients showed a 
unilateral deficit.

Finally, there was a highly significant prevalence 
of increased SFAQ and Stanford HAQ-DI scores 
(P = 0.001) among patients in group I when compared 
with group II patients (Table 1).

Nerve conduction studies and needle 
electromyography findings
Table 2 compares NCSs parameters among the studied 
groups (groups I, II, and III), which revealed significant 
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(P ≤ 0.05) to a highly significant (P ≤ 0.001) changes 
in the motor and sensory nerve studies regarding mean 
values of distal latency, amplitude, and conduction 
velocity in RA patients compared with healthy 
indivisuals.

Table 3 displaying results of the needle EMG in the 
studied muscles reveals that the motor unit action 
potentials (MUAPs) showed a significant (P ≤ 0.05) to a 
highly significant (P ≤ 0.001) reduction in the duration 
and amplitude among the patients in comparison 
with the controls. It also shows a highly significant 
increased proportions of spontaneous activity recorded 
from abductor hallucis muscle in patients compared 
with controls (P ≤ 0.001). However, the intrinsic foot 

muscles commonly show increased insertional activity 
and occasionally fibrillation potentials associated with 
large, long-duration MUAPs, as one would expect in 
a neurogenic lesion. Such findings are not unusual in 
normal indivisuals without symptoms, however, and 
are thought to be due to everyday wear and tear of the 
feet [22].

Table 4 of bivariate correlation analyses between the 
nerve study parameters or MUAP parameters on one 
side and DAS28 on the other side showed insignificant 
results (P > 0.05), except for the distal sensory latency 
and sensory nerve action amplitude of the medial 
plantar response, being significant in group II patients 
(P ≤ 0.05). However, this significant finding cannot be 

Table 1 Characteristics of patients in the studied groups
Patient characteristics Group I (n = 25) Group II (n = 25) Group III (n = 25) P-value

Age (mean ± SD) (years) 42.40 ± 8.31 37.20 ± 6.80 37.44 ± 11.57 0.082
Disease duration (mean ± SD) (years) 10.36 ± 6.2 7.60 ± 4.34 – 0.131
Sex [N (%)] 0.321

Female 23 (92) 23 (92) 20 (80)
Male 2 (8) 2 (8) 5 (20)

Weakness [N (%)] 0.023 (S)
Present 18 (72) 10 (40) –
Absent 7 (28) 15 (60) –

Wasting [N (%)] 0.037 (S)
Present 4 (16) 0 (0) –
Absent 21 (84) 25 (100) –

Altered pinprick response [N (%)] 0.747
Present 19 (76) 18 (72) –
Absent 6 (24) 7 (28) –

Tinel’s sign [N (%)] 0.208
Present 13 (52) 17 (68) –
Absent 12 (48) 8 (32) –

SFAQ score (mean ± SD) 6.52 ± 1.01 5.28 ± 1.46 – 0.001 (HS)
HAQ-DI score (mean ± SD) 0.59 ± 0.25 0.25 ± 0.3 – 0.000 (HS)

Group I, active RA; group II, inactive RA; and group III, controls, HAQ-DI, Health Assessment Questionnaire Disability Index; HS, highly 
significant (P ≤ 0.001); RA, rheumatoid arthritis; S, significant (P ≤ 0.05); SFAQ, Swindon Foot and Ankle Questionnaire.

Table 2 Nerve conduction study results in the studied groups
NCS parameters Group I (n = 25)a Group II (n = 25)b Group III (n = 25) P-value

Medial plantar DML (mean ± SD) (ms) 3.74 ± 0.68 3.94 ± 0.97 3.36 ± 0.67 0.034 (S)
Tibial MCV (mean ± SD) (m/s) 43.06 ± 3.64 43 ± 3.57 46.45 ± 3.28 0.001 (HS)
Lateral plantar DML (mean ± SD) (ms) 5.19 ± 0.60 5.63 ± 0.99 4.71 ± 0.41 0.000 (HS)
Lateral plantar CMAP amplitude (mean ± SD) (mV) 6.51 ± 2.95 8.23 ± 3.94 8.92 ± 2.58 0.021 (S)
Deep peroneal DML (mean ± SD) (ms) 3.94 ± 0.93 4.04 ± 0.65 4.48 ± 0.84 0.049 (S)
Deep peroneal CMAP amplitude (mean ± SD) (mV) 2.79 ± 1.29 3.23 ± 1.34 3.84 ± 0.92 0.016 (S)
Sural DSL (mean ± SD) (ms) 3.11 ± 0.57 3.04 ± 1.08 3.50 ± 0.09 0.000 (HS)
Sural SNAP amplitude (mean ± SD) (µV) 8.99 ± 3.16 10.75 ± 5.66 15.12 ± 6.15 0.002 (S)
Peroneal SNAP amplitude (mean ± SD) (µV) 8.49 ± 2.86 12.43 ± 3.84 18.27 ± 4.89 0.000 (HS)
Medial plantar DSL (mean ± SD) (ms) 6.62 ± 2.11 3.10 ± 0.081 3.17 ± 0.35 0.000 (HS)
Lateral plantar DSL (mean ± SD) (ms) 6.48 ± 1.72 3.28 ± 0.13 3.19 ± 0.28 0.000 (HS)

Group I, active RA; group II, inactive RA; group III: control, CMAP, compound muscle action potential; DML, distal motor latency; DSL, distal 
sensory latency; HS, highly significant (P ≤ 0.001); MCV, motor conduction velocity; NCS, nerve conduction study; RA, rheumatoid arthritis; 
S, significant (P ≤ 0.05); SNAP, sensory nerve action potential, aNumber of obtainable sensory responses for group I was as follows: 22 
for the sural nerve, 20 for the superficial peroneal nerve, 10 for the medial plantar nerve, and 8 for the lateral plantar nerve, bNumber of 
obtainable sensory responses for group II was as follows: 17 for the sural nerve, 17 for the superficial peroneal nerve, 7 for the medial 
plantar nerve, and 5 for the lateral plantar nerve.
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relied upon on the basis of the few obtainable plantar 
sensory responses, and thus being a marked limitation 
in this study.

Table 5 shows the prevalence of the electrophysiological 
patterns in the patient’s groups. Out of 50 patients, 39 
(78%) had different types of peripheral neuropathy, 
24 (48%) had mononeuropathies of demyelinating 
pattern (entrapment neuropathies), and 15 (30%) 
had symmetrical polyneuropathy with axonal 
degeneration.

Figure 1 shows the prevalence of electrophysiological 
findings of peripheral neuropathy in the patients’ 
groups. The most common type of neuropathy which 
was observed was pure sensory axonal neuropathy (24% 
of the patients) followed by tibial nerve entrapment 

at posterior tarsal tunnel ‘posterior TTS’ (20% of the 
patients), combined entrapments of posterior tibial 
nerve at the ankle and peroneal nerve at fibular neck 
(16% of the patients), peroneal nerve entrapment 
at fibular neck (12% of the patients), and finally 
sensorimotor axonal neuropathy (6% of the patients). 
None of the studied cases showed deep peroneal nerve 
entrapment at the ankle, pure motor axonal neuropathy 
or mononeuritis multiplex.

Table 6 shows that posterior tibial nerve entrapment at 
the ankle was reported in 18 (36%) patients; 10 (20%) 
patients showed an isolated tibial nerve affection and 
eight (16%) patients had an associated peroneal nerve 
entrapment at the fibular neck. It also reveals that 
peroneal nerve entrapment at the fibular neck was 
reported in 14 cases (28% of cases); six cases had an 

Table 3 Needle electromyography results in the studied groups
EMGs Group I (n = 25)a Group II (n = 25)b Group III (n = 25) P-value

MUAP duration (TA) (mean ± SD) (ms) 7 ± 2.02 8.15 ± 1.97 8.56 ± 2.20 0.026 (S)
MUAP amplitude (TA) (mean ± SD) (µV) 0.40 ± 0.15 0.49 ± 0.29 0.88 ± 0.53 0.002 (S)
Spontaneous activity (AH) [N %)] 0 (0) 6 (24) 0 (0) 0.001 (HS)
MUAP duration (AH) (mean ± SD) (ms) 6.38 ± 2.50 6.69 ± 1 8.56 ± 2.20 0.001 (HS)
MUAP amplitude (TA) (mean ± SD) (µV) 0.56 ± 0.47 0.41 ± 0.21 0.79 ± 0.42 0.004 (S)

Group I, active RA; group II, inactive RA; group III: control, AH, abductor hallucis; EMG, electromyograph; HS, highly significant (P ≤ 0.001); 
MUAP, motor unit action potential; RA, rheumatoid arthritis; S, significant (P ≤ 0.05); TA, tibialis anterior.

Table 4 Correlation coefficients (r) between Disease Activity Score in 28 joints and nerve conduction study/electromyographic 
results, in the patients’ groups
NCS/EMG parameters Disease Activity Score in 28 joints

Group I (n = 25)a Group II (n = 25)b

r-Test P-value r-Test P-value

Medial plantar n. DML −0.364 0.073 (NS) 0.069 0.742 (NS)
Lateral plantar n. DML 0.036 0.864 (NS) −0.108 0.608 (NS)
Peroneal n. DML 0.089 0.671 (NS) 0.390 0.054 (NS)
Sural n. DSL −0.263 0.237 (NS) 0.059 0.823 (NS)
Peroneal n. DSL 0.316 0.174 (NS) 0.08 0.761(NS)
Medial plantar n. DSL 0.589 0.073 (NS) 0.811 0.027 (S)
Lateral plantar n. DSL 0.388 0.342 (NS) −0.315 0.606 (NS)
Medial plantar n. CMAP amplitude 0.202 0.333 (NS) −0.380 0.061 (NS)
Lateral plantar n. CMAP amplitude 0.128 0.541 (NS) −0.353 0.083 (NS)
Peroneal n. CMAP amplitude −0.138 0.512 (NS) −0.275 0.184 (NS)
Sural n. SNAP amplitude −0.291 0.189 (NS) −0.399 0.113(NS)
Peroneal n. SNAP amplitude −0.370 0.109 (NS) 0.370 0.144 (NS)
Medial plantar n. SNAP amplitude 0.079 0.829 (NS) −0.759 0.048 (S)
Lateral plantar n. SNAP amplitude −0.026 0.951 (NS) 0.032 0.959 (NS)
Tibial n. motor conduction velocity 0.192 0.359 (NS) −0.265 0.200 (NS)
Peroneal n. motor conduction velocity −0.058 0.784 (NS) −0.256 0.216 (NS)
MUAP duration of TA m. 0.048 0.821 (NS) 0.115 0.584 (NS)
MUAP amplitude of TA m. 0.139 0.509 (NS) 0.327 0.111 (NS)
MUAP duration of AH m. −0.194 0.353 (NS) −0.179 0.393 (NS)
MUAP amplitude of TA m. −0.383 0.059 (NS) −0.181 0.387 (NS)

Group I, active RA; group II, inactive RA, AH, abductor hallucis; CMAP, compound muscle action potential; DML, distal motor latency; 
DSL, distal sensory latency; m., muscle; MUAP, motor unit action potential; n, nerve; RA, rheumatoid arthritis; S, significant (P ≤ 0.05); 
SNAP, sensory nerve action potential; TA, tibialis anterior, aNumber of obtainable sensory responses for group I was as follows; 22 for the 
sural nerve, 20 for the superficial peroneal nerve, 10 for the medial plantar nerve, and 8 for the lateral plantar nerve, bNumber of obtainable 
sensory responses for group II was as follows; 17 for the sural nerve, 17 for the superficial peroneal nerve, 7 for the medial plantar nerve, 
and 5 for the lateral plantar nerve.
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isolated peroneal nerve affection and eight cases had 
an associated posterior tibial nerve entrapment at 
the ankle.

Musculoskeletal ultrasound findings
Figures 2 and 3 show the results of PDUS and joint 
erosion assessment of the ankle joint, respectively. 
There was a highly statistically significant prevalence 
of positive ankle PD signal and joint erosions among 
group I patients in comparison with group II patients 
(P ≤ 0.001).

The comparison between electrophysiological and 
ultrasonograhic diagnoses of posterior tarsal tunnel 
syndrome
This comparison, as displayed in Table 7, revealed 
statistically significant results (P < 0.05), according to 
which electrophysiology could detect the syndrome in 

18 (36%) patients, whereas MSUS could detect the 
syndrome in only eight (16%) patients.

Discussion
The present study showed that females and males 
constituted 92 and 8%, respectively, in both the 
patients’ groups, whereas female to male ratio was 80 to 
20%, respectively, in the control group. This emphasizes 
the higher prevalence of RA in females than in males, 
whereas the sex ratio is typically around 3 : 1 [35,36].

There was a significant prevalence of muscle weakness 
among the active RA group when compared with 
the inactive one (P ≤ 0.05). There was a significant 
positive association (P ≤ 0.05) between the disease 
activity score and isometric muscle strength, which 
was measured with the validated Muscle Strength 
Index [37,38]. Muscle weakness is generally attributed 
to a reflex response to pain, joint deformation or disuse, 
extra-articular manifestations of the disease and/or 
psychological factors [39].

Similarly, there was a significant prevalence of muscle 
wasting among the active RA patients when compared 
with the inactive group (P ≤ 0.05). This confirms what 
other authors found that DAS28 score is negatively 
correlated with the lean body cell mass [40,41].

Mechanical allodynia and/or hyperalgesia/hypoalgesia 
were assumed to be pathognomonic of neuropathic 
pain [16]. In our study, an altered pinprick response 
was found in 30 (60%) patients bilaterally and in seven 
(14%) patients unilaterally.

A highly significant SFAQ scoring (P ≤ 0.001) was 
encountered more among the active patients than 
among the inactive ones. This disagrees with the study 
conducted by Waller et al. [11], which reported that 
the SFAQ did not correlate with DAS28. However, 
a limitation of both studies, Waller’s research and the 
present study, is that feet and ankles are not included as 
part of the DAS28 scoring system.

Figure 1

The prevalence of electrophysiological findings of peripheral 
neuropathy in the patients’ groups (n = 50).

Table 5 Prevalence of the electrophysiological patterns and 
findings in the patients’ groups (n = 50)
Electrophysiological patterns Frequency [N (%)]

Demyelinating mononeuropathy (entrapment 
neuropathies)

24 (48)

Symmetrical axonal polyneuropathy 15 (30)
Mononeuritis multiplex (multiple 
mononeuropathy)

0 (0)

Total cases of peripheral neuropathy 39 (78)

Table 6 Frequency of affection of the plantar and peroneal nerves in posterior tibial and peroneal entrapments in the patients’ 
groups (n = 50)
Nerves affected Distribution Frequency [N (%)]

Posterior tibial nerve entrapment at the ankle Total cases 18 (36)
Isolated medial plantar nerve affection 0 (0)
Isolated lateral plantar nerve affection 10 (20)
Both medial and lateral plantar nerves affection 8 (16)

Peroneal nerve entrapment at the fibular neck Total cases 14 (28)
Isolated superficial peroneal nerve affection 0 (0)
Isolated deep peroneal nerve affection 4 (8)
Both superficial and deep peroneal nerves affection 10 (20)
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Similarly, a highly significant HAQ-DI was encountered 
more among the active patients than among the inactive 
ones (P ≤ 0.001). Keeping-up with our results, previous 
studies found a significant correlation between HAQ-DI 
and DAS28 in RA patients [42–44], suggesting that 
functional incapacity is most associated with disease 
activity in early RA [42].

NCSs parameters among the studied groups 
represented the preliminary changes of neuropathic 
lesions in RA patients, which were previously reported 
in the literature in the form of significant affection of 
nerve study parameters of the median, ulnar, peroneal, 
and posterior tibial nerves in RA patients compared 
with controls [45–47].

Regarding the needle EMG findings in this study, 
the reduction of MUAP duration and amplitude, 
associated with polyphasia, is suggestive of a state 
of early reinnervation following severe denervation, 
or it may suggest a concomitant myopathy. 
Many [46,48,49] case–controlled studies that involved 
EMG examination of different muscles in RA patients 
had been conducted previously. The studied muscles 
showed neuropathic interference pattern, definite signs 
of neuropathy or definite signs of denervation [46].

In general, findings confirm the prevalence of 
neuropathy in RA. This was in agreement with the 

studies conducted by Olney [50], Kadhim et al. [46],  and 
Agarwal et al. [3], which concluded that neuropathies 
are common in patients with diffuse connective tissue 
diseases.

Accordingly, the current study assumes that there 
is no relationship between rheumatoid neuropathy 
and disease activity status. In agreement with our 
results, previous research work stated that rheumatoid 
neuropathy occurs irrespective of the disease activity 
level [3,51,52]. High disease activity was not 
stated as a predictor of rheumatoid vasculitis [53]. 
Moreover, entrapment neuropathies are associated 
with mechanical nerve compression as a result of 
local joint changes, including swelling of soft tissues, 
synovitis, tenosynovitis, bone erosions joint deformity 
or rheumatoid nodules [54–56]. Moreover, there is no 
correlation between compression neuropathies and the 
level of acute phase reactants [57].

The prevalence of rheumatoid neuropathy vary among 
previous studies [3,51,58–61]. The electrophysiological 
findings of mild distal symmetric pure sensory 
and combined sensorimotor axonal neuropathies 
contribute to the clinical presentation of distal sensory 
neuropathy (DSN). This emphasizes the prevalence of 
DSN in RA patients. Rheumatoid diseases are one of 
the most common causes of DSN [62].

An important observation provided by the current 
study was the coexistence of posterior tibial nerve 
entrapment at the ankle and peroneal nerve entrapment 
at the fibular neck. According to our knowledge, no 
previous studies have addressed this issue.

In this study, the electrophysiological diagnosis of 
posterior TTS was encountered in 18 (36%) patients. 
Baylan’s study examined 48 RA patients for the 

Figure 2

Power Doppler findings in the patients’ groups (n = 50). RA, 
rheumatoid arthritis.

Figure 3

Joint erosions in the patients’ groups (n = 50). RA, rheumatoid arthritis.

Table 7 Comparison between electrophysiological and 
ultrasound diagnoses of posterior tarsal tunnel syndrome
Ultrasound 
diagnosis [N (%)]

Electrophysiological 
diagnosis [N (%)]

Test of 
significance 

(c2-test)

P-value

8 (16) 18 (36) 2.05 0.04 (S)

S, significant (P ≤ 0.05).
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presence of posterior TTS and found that 11 (25%) 
patients had a definite delay in the distal motor latency 
of the tibial nerve [63]. Moreover, Ibrahim et al. [2] 
documented the electrodiagnosis of posterior TTS in 
28 out of the 30 feet of RA patients.

The electrophysiological findings of peroneal nerve 
entrapment at the fibular neck may be due to the 
compression of the nerve by a ganglion, rheumatoid 
nodule, an extension of synovial hypertrophy from 
the knee or even a large knee osteophyte [64]. Data 
about incidence and prevalence of peroneal neuropathy 
in rheumatoid knees are insufficient. An increased 
peroneal neuropathy at the fibular head has been 
reported in RA [65].

Lateral plantar nerve was found to be more affected 
than medial plantar nerve in the patients with TTS. 
It was previously stated that the lateral plantar nerve 
is probably affected earlier than the medial plantar 
one [25]. In another study performed on RA patients, 
none of the patients showed isolated medial plantar 
nerve affection [2].

Similarly, none of the patients who were diagnosed 
with peroneal nerve entrapment at the fibular neck 
showed isolated superficial peroneal nerve lesion. It was 
reported that the superficial peroneal nerve is usually 
less involved than is the deep peroneal nerve [66]. The 
most likely explanation was the selective vulnerability 
of different nerve fascicles to injury, which leads to 
differing degree of damage to individual fascicles 
within the common peroneal nerve [67].

A positive PD signal and joint erosions are considered 
to be associated with diseased activity on the basis of 
their prevalence in the active patients when compared 
with the inactive ones (P ≤ 0.001). Keeping-up with 
our results, a previous study displayed similar ankle 
PD findings [68]. The microstructural bone changes 
associated with development of bone erosions in 
RA seem to be closely related to disease activity. 
Explanation for this finding was that disease activity is 
closely associated to presence of hypervascularity (PD 
changes), further contributing to the development of 
erosions and other forms of structural damage [69].

On comparing electrophysiological and US diagnoses 
of posterior TTS, electrophysiological studies were 
able to detect more cases of posterior TTS (P < 0.05). 
Electrophysiology could detect the syndrome in 
18 (36%) patients, whereas MSUS could detect 
the syndrome only in eigth (16%) patients. Similar 
findings were reported by Ibrahim et al. [2] who 
investigated for posterior TTS in 30 rheumatoid feet. 
Electrophysiologically, they could detect 28 (93.3%) 

patients, whereas by MSUS only 10 (33.3%) patients 
could be detected. This supports the evidence that 
electrophysiology is the test of choice for confirming 
the diagnosis of posterior TTS in 90–100% of 
cases [62,70–75].

Conclusion
Peripheral nerve affection is common in the rheumatoid 
foot, irrespective of the disease activity status. The most 
common neuropathies were posterior TTS, peroneal 
nerve entrapment at the fibular neck, and pure sensory 
axonal neuropathy. A positive PD signal and bone 
erosions of the ankle joint, detected by MSUS, were 
associated with RA disease activity. Electrophysiology 
was superior to MSUS for the diagnosis of posterior 
TTS.
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