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Abstract

Background

Peroneal nerve entrapment is the most common peripheral mononeuropathy of the lower limbs. Foot drop, a
common presentation, leads to an impaired eversion and dorsiflexion of the foot. An intriguing observation is the

occurrence of foot drop secondary to weight loss.

Methods

A retrospective study of patients surgically treated for peroneal nerve entrapment was performed between January
1%, 1995 and December 31%, 2016 at the department of Neurosurgery, Genk, Belgium. Out of a total of 421
patients, 200 patients with foot drop secondary to weight loss were included. For each subject, motor and sensory

outcomes after external neurolysis were investigated.

As a primary objective, we examined the postoperative outcomes of external neurolysis as a treatment for foot
drop in patients with peroneal nerve entrapment at the fibular head secondary to weight loss. As a secondary

objective, we analysed the correlation between patient characteristics and the success rate of external neurolysis.
Results

When defining success as a postoperative MRC-score of 4 or 5, external neurolysis has a success rate of 85% in
patients with foot drop secondary to weight loss. A significant difference (P=<0.0001) between postoperative and
preoperative MRC-scores indicates that external neurolysis leads to significant improvement of motor function in
patients with foot drop secondary to weight loss. A multiple logistic regression model showed that “preoperative
MRC-scores” and “duration of symptoms” were the only variables with an impact on postoperative MRC-scores.

Other variables such as “age”, “gender” and “side of entrapment” had no significant impact on postoperative

results.

Conclusions

Statistical analysis emphasizes the important role of external neurolysis in the treatment of peripheral peroneal
nerve entrapment. Therefore, external neurolysis at the fibular head should be regarded as a very effective and safe

procedure in patients with foot drop secondary to weight loss.
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Introduction

Peroneal nerve entrapment is the most common peripheral mononeuropathy of the lower limbs in humans. This
can be explained partially by its anatomical course, running through the peroneal canal formed by the fibular neck
and the aponeurotic arch of the peroneus longus and soleus muscle [54,57,20,45,14,16]. After passing the peroneal
canal, the common peroneal nerve splits into its two terminal branches: the superficial and deep peroneal nerve
[45]. The former is responsible for motor control of the peroneal muscles, producing foot eversion, and cutaneous
innervation of the anterolateral aspect of the distal lower leg and dorsum of the foot [5,54,37,43,26,33,12,2,48].
The latter is mainly involved in motor control of the tibialis anterior, extensor hallucis longus and brevis and
extensor digitorum longus and brevis muscles, producing dorsiflexion of the foot and toes. In addition, it is
responsible for cutaneous innervation of a small area between the first and second toe [37,5,12,2,48]. Besides loss
of sensation and tingling, one of the most common presentations of peroneal nerve entrapment is foot drop, leading
to an impaired eversion and dorsiflexion of the foot [32,37,20]. Therefore, foot drop has a major impact on quality

of life. There are many other causes that could lead to the formation of foot drop [24,7,27,28,8].

An intriguing observation is the occurrence of foot drop secondary to weight loss in the short term
[42,30,47,50,52,4,19,57,46]. Although quite some research has been performed about this topic, the exact
underlying pathophysiological mechanisms remain mostly unclear [57]. Moreover, there still exists some
controversy about the proper treatment of foot drop [49,40,53]. Until now, there are no relevant clinical studies
performed comparing conservative (e.g. medication, physiotherapy, functional-electric-stimulation) [21,3,10] and
surgical approaches (e.g. external neurolysis) [21,38,35,22,41,57]. Therefore, in order to guide clinical practice,
this retrospective study investigates the postoperative motor and sensory outcomes of external neurolysis in

patients with peroneal nerve entrapment leading to foot drop.

During this study, we focused on those patients who developed foot drop secondary to weight loss. We also
examined correlations between different patient characteristics and success rate of external neurolysis. To our
knowledge, this is the first retrospective study containing this extended amount of patients with foot drop

secondary to weight loss.
Materials and methods

Data

Between January 1%, 1995 and December 31%, 2016 as many as 421 patients were treated for peroneal nerve
entrapment by a team of neurosurgeons at Ziekenhuis Oost-Limburg (ZOL), Belgium. Data was collected from
the patients’ medical record files and databases. Missing data was retrieved by personally contacting patients by

telephone or email.



Objectives

The primary objective of this study was to analyse postoperative motor and sensory outcomes of external
neurolysis in patients with peripheral peroneal nerve entrapment leading to foot drop secondary to weight loss. As
a secondary objective, we set out to determine the impact of important patient characteristics on the success rate

of this surgical procedure.

Inclusion and exclusion criteria

Only patients who developed foot drop secondary to an entrapment at the fibular head were selected from the
databases. Secondly, only patients with weight loss as the only known cause of foot drop were extracted. Thirdly,
only patients who were approached by means of an external neurolysis were selected for further analysis. In this
procedure, a longitudinal incision is made at the fibular neck, thereby decompressing the underlying peroneal
nerve (Fig. 1) [14,57,13,34]. We applied the following exclusion criteria: entrapment elsewhere the fibular head,
multiple causes (e.g. weight loss and L5 radiculopathy) and causes other than weight loss (e.g. synovial cysts,
fractures, muscle hypertrophy). Finally, no distinction was made between different causes of weight loss nor

between operations performed by different neurosurgeons.

Fig.1 Intraoperative view after external neurolysis at the fibular head showing the two major branches of the
common peroneal nerve: the superficial and deep peroneal nerve [57]

Data preparation

Starting from 421 patients which were initially selected, 216 patients presented themselves with peroneal nerve
entrapment caused by weight loss. In these, weight loss was the only underlying cause in 213 cases. Loss to follow-
up was present in 13 patients. Therefore, based on the inclusion criteria, a total of 200 patients were selected.
Patients who were treated for a bilateral peroneal nerve entrapment were statistically analyzed as two individual

patients. The flow chart of patient enrolment is illustrated in Fig.2.

Fig.2 Flow chart illustrating patient enrolment and data preparation. Starting from 421 patients with foot drop,
a total of 200 patients with foot drop secondary to weight loss were analyzed

Statistical analysis

In order to obtain a primary image concerning the study population, a number of exploratory analyses were
conducted (e.g. table analysis for single endpoints). Depending on the set-up of the corresponding data, a number
of different statistical tests were performed. Possible differences in binary data were analyzed using the Fisher’s
Exact test. As appropriate, we used the Chi-square (y?) test, in particular meaning that every expected cell
frequency was at least five. Possible differences in continuous data were analyzed using a parametric t-test.

Differences in ordinal data were analyzed using a Wilcoxon-rank sum test.



Analyzing our primary endpoint was done by comparing the preoperative and postoperative motor scores. The
same procedure was done for the sensory conditions. This comparison was made using a Wilcoxon-rank sum test.
For our secondary endpoint, we used a multiple logistic regression model in combination with backward
elimination. Following patient characteristics were used in the model: “gender”, “age at surgery”, “amount of
weight loss”, “start of symptoms”, “performing neurosurgeon” and “side of entrapment”. All statistical analyses
were performed in SAS Enterprise Guide 9.4 and SAS Editor 13.1. For all tests performed, we used a cut-off value
of 5%, meaning that (unless otherwise indicated) a P-value less than 0.05 was considered to be statistically

significant.
Results

Patient profile

Patient profiles are summarized in Table 1. 116 patients (58%) were male and 84 patients (42%) were female. The
proportion of males and females was significantly different (P=0.01), indicating that peroneal nerve entrapment

caused by weight loss as a single cause seems to be more prevalent in males than females.

Table 1 The table shows the characteristics of patients included in the study. M male, F female, R right, L left,
Y yes, N no, MRI Magnetic Resonance Imaging, MRC Medical Research Council Scale for Muscle Strength,
kg kilograms, m/s meters per second

104 patients (52%) presented themselves with a peroneal nerve entrapment located on the right side, while 96
(48%) of the peroneal nerve entrapments were located on the left side. There was no significant difference in
location of entrapment in the population as a whole (P=0.3107), nor in males (P=0.1546) and females (P=0.3313)
viewed separately. Therefore, although foot drop was more prevalent on the right side, peroneal nerve entrapment

caused by weight loss as a single cause does not seem to have a side preference in these patients.

For the study population as a whole, the mean age at surgery was 55 years and 6 months (95% CI: 53.1364 —
57.9681). The mean age at surgery in males was slightly higher than in females, although there was no significant
difference between both sexes (P=0.1983).

In total, 9 out of 200 patients (4.5%) suffered from a mild or severe complication after external neurolysis. Of
these, 7 patients had local wound problems: edema (1 patient), wound dehiscence (1 patient), bleeding (1 patient),
wound infection (2 patients) and hematoma formation (2 patients). One patient had a relapse of peroneal nerve
entrapment three months after surgery. Finally, abscess formation and subsequent staphylococcal aureus sepsis led
to the dead of an 87 year old female patient. She died 28 days after surgery. There was a highly significant
difference in proportion of patients with and without postoperative complications, indicating that postoperative

complications after external neurolysis are rather uncommon (P=<0.0001).

The mean amount of weight loss could be retrieved for all 200 patients included in our study. The mean amount
of weight loss was 19.43 kg (95% CI: 17.324 — 21.531), with a minimum of 2 kg and a maximum of 74 kg. In
total, 69 patients (34.5%) showed a weight reduction of 10 kg or less, while 27 patients (13.5%) showed a weight
reduction of at least 40 kg. Most patients with a significant weight reduction were those who underwent bariatric

surgery.



Start of symptoms was defined as the time span between beginning of motor and/or sensory symptoms and the day
of surgery. This variable gave us some information about the amount of time patients suffered from their symptoms
before undergoing surgery. The mean duration of symptoms was 111 days or about 4 months (95% CI: 30.000 —
182.022). 75 patients (37.5%) were treated within the first month after presentation of symptoms, while 80 patients
(40%) were treated after three months of having symptoms. Finally, there was no significant difference between

both sexes concerning the start of symptoms (P=0.2497).

Electrodiagnostic tests are critical in the evaluation of peroneal nerve lesions [24,28,15,9,25,6,36]. Because lesions
located elsewhere the fibular head formed an exclusion criterion, we had to verify that the lesion was indeed
located near this critical region. Therefore, motor conduction studies were performed by an electrophysiologist. It
is generally accepted that a nerve conduction velocity (NCV) across the fibular head of less than 40 meters per
second can be interpreted as being aberrant [5,15,23,25,6,37,9,36].

In total, electrodiagnostic data could be retrieved for 191 out of 200 patients (95.5%). Of these, 61 patients (30.5%)
had an abnormal NCV. Paradoxically, 2 patients (1%) showed a normal NCV, while 1 patient (0.5%) showed an
increased NCV. The mean NCV amounts to 31.14 meters per second (95% CI: 29.101 — 33.180). Finally, there
was a significant difference between both sexes (P=0.0326), in which the mean NCV across the fibular head was

significantly lower in males in comparison with females.

Imaging studies were performed by the department of radiology at ZOL (Genk — Belgium) to detect underlying
causes of foot drop. High-resolution sonography at the fibular head was performed as a screening tool for structural
nerve abnormalities and space-occupying lesions, such as schwannomas and synovial cysts [56,51]. Magnetic
resonance imaging (MRI) was performed when sonographic abnormalities were present [29,1,17]. In total, MRI
was performed in 69 patients (34.5%). Of these, 22 patients showed no abnormalities, while 27 patients showed
direct or indirect signs of peroneal nerve abnormalities; 10 patients showed intraneural edema, 15 patients showed
denervation edema of the tibialis anterior muscle, 1 patient showed a loss of fat in the fat pad around the peroneal
nerve and 1 patient showed neuritis of the peroneal nerve. Furthermore, 17 patients showed spinal abnormalities.
Of these, 10 patients showed disc herniation, while spinal stenosis was present in 2 patients. 4 patients had
degenerative abnormalities of the vertebral column. 1 patient presented with spinal metastasis in the context of
lung cancer. Finally, 2 patients had cystic lesions around the peroneal nerve, in which 1 patient had a Baker’s cyst

and 1 patient showed a proximal tibiofibular joint synovial cyst.

Presence of Tinel’s sign could be retrieved from the medical record files in 142 patients (71%). There was a highly
significant difference in proportion between patients with and without a Tinel’s sign (P=< 0.0001), indicating that
this clinical feature is critical in the physical evaluation of patients with foot drop. Finally, there was no significant
difference concerning the occurrence of a Tinel’s sign in both sexes, indicating the presence of this sign is highly

predictive for peripheral peroneal nerve entrapment in both sexes (P=0.4680).

Time for maximal recovery was expressed as the time after surgery at which maximal recovery of motor symptoms
was seen. The mean time for maximal recovery was 83 days or about three months (95% CI: 63.463 — 103.167).
95% of patients had their maximal recovery within the first six months after surgery. Finally, there was no

significant difference between both sexes concerning the time for maximal recovery (P=0.0694).



Finally, there were a variety of causes leading to weight loss in our study population (Table 2). In total, 19 different
categories could be determined. The category “stress” was defined as all patients who suffered from physical or
emotional stress (e.g. mourning, divorce, psychiatric illness), while the category “organ dysfunction” included all
patients with organ malfunction (e.g. diabetes, kidney failure, heart failure, hyperthyroidism). Most patients

included in our study presented themselves with weight loss of unknown origin.

| Table 2 Table showing the various causes leading to weight loss in our study population |

Motor outcomes

During our study, we used the Medical Research Council (MRC) Scale for Muscle Strength (Table 3). Thereby,
foot drop can be classified into five different grades based on the severity of motor deficits, ranging from 0 (no
movement is observed) to 5 (normal muscle movement) [39]. MRC-scores were checked before and after external
neurolysis for each individual patient. By comparing preoperative and postoperative MRC-scores, improvement
in motor control after surgery could be analyzed. Outcomes are summarized in Fig.3 and Table 4.

Table 3 Medical Research Council Scale for Muscle Strength (MRC-score) was used to classify the severity
of motor deficits for all patients included in our study

Before external neurolysis, 97 patients (48.5%) had the lowest MRC-score, meaning that these patients suffered
from a complete foot drop. Furthermore, 24 patients (12%), 39 patients (19.5%), 26 patients (13%) and 14 patients
(7%) had a MRC-score of 1, 2, 3 and 4 respectively. In conclusion, most patients with foot drop presented

themselves with a complete foot drop.

However, after external neurolysis, 96 patients (48.24%) had the highest MRC-score and therefore had a complete
recovery. Only 3 patients (1.51%) maintained a complete foot drop despite external neurolysis. 1 (0.5%), 11
(5.53%), 15 (7.54%) and 73 (36.68%) patients had a postoperative MRC-score of 1, 2, 3 and 4 respectively. There
was one loss to follow-up caused by mortality shortly after surgery. Therefore, when defining success as a
postoperative MRC-score of at least 4, external neurolysis as a treatment for foot drop secondary to weight loss as

a single cause has a success rate of 85%.

From a clinical point of view, we were also interested in the gain of MRC-score after external neurolysis.
Therefore, success rates were expressed as the increase in MRC-score after surgery in respect to the preoperative
MRC-score. 42 (21.1%) and 39 (19.6%) patients had a gain of motor function of 4 and 5 respectively. Moreover,
24 patients (12.1%), 44 patients (22%) and 43 patients (21.61%) had a gain of motor function of 1, 2 and 3
respectively, while 7 patients (3.5%) had no improvement after surgery. There was one loss to follow-up caused

by mortality shortly after surgery.

Finally, we see that success rate increases as the preoperative MRC-score increases. No individual patient had a
decrease in MRC-score after surgery. Statistical analysis showed a significant difference in postoperative MRC-
score compared with preoperative MRC-score (P=<0.0001). Therefore, external neurolysis leads to a significant

improvement in motor function in patients with foot drop secondary to weight loss.



Fig.3 Left figure (a.) showing the preoperative MRC-scores ranging from zero to four. Right figure (b.)
showing the postoperative MRC-scores ranging from zero to five. A MRC-score of zero indicates a total foot
drop, while a MRC-score of five indicates normal muscle strength. Note that one patient died shortly after
surgery

Table 4 Postoperative MRC-scores with respect to preoperative MRC-scores. Using the preoperative MRC-
scores an estimation of the postoperative MRC-score can be made. Gain in MRC-score after external
neurolysis can be derived from the boxes in color. Note that one patient died shortly after surgery

Sensory outcomes

During physical examination, each individual patient included in our study was asked for sensory deficits.
Symptoms qualified as sensory included the presence of hypoesthesia and/or paresthesia. Absence of any
postoperative sensory symptoms were considered as “complete recovered”, while those patients with a minimum
of sensory symptoms were classified as “partial recovered”. Finally, those patients with no improvement in

preoperative state were said to have “no recovery”.

Before external neurolysis, 159 patients (79.5%) mentioned sensory deficits. There was a highly significant
difference in the proportion of patients with and without sensory deficits (P=<0.0001), indicating that foot drop
secondary to weight loss is mostly accompanied by sensory symptoms. Of these, 121 patients (76.6%) showed

complete recovery after surgery, while 34 patients (21.38%) had a partial recovery.

Finally, only 3 patients (1.89%) had no recovery of their sensory symptoms (Fig.4). Therefore, external neurolysis
secondary to weight loss can be seen as an appropriate treatment option for patients with corresponding sensory
deficits, since 98.11% of patients had an improvement of sensory symptoms after surgery.

Fig.4 Recovery of sensory symptoms after external neurolysis. 0 = no recovery, 1 = partial recovery, 2 =
complete recovery. In total, 159 patients showed preoperative sensory symptoms. Note that one patient died
shortly after surgery

Multiple logistic regression

A multiple logistic regression model was performed for evaluating which patient characteristics had a significant
impact on postoperative MRC-score. MRC-score of at least 4 was chosen as dependent variable in the model. The
following fourteen patient characteristics were fitted in the regression model as dependent variables: “age”,
“gender”, “performing neurosurgeon”, “preoperative MRC-score”, “preoperative sensory symptoms”, “side of
entrapment”, “start of symptoms”, “amount of weight loss”, “cause of weight loss”, “year of surgery”, “time for

maximal recovery”, “motor conduction study”, “Tinel’s sign” and “MRI findings”.

All included patient characteristics showed a P-value of more than 0.05, except for the variables “start of
symptoms” and “preoperative MRC-score”. Therefore, only these characteristics had a significant impact on the
postoperative MRC-score. “Start of symptoms” was proven to be inversely related to postoperative MRC-score,
meaning that postoperative MRC-score deteriorates as the duration of symptoms before surgery increases. Patient

characteristics and corresponding P-values fitted in the multiple logistic regression model are listed in Table 5.

Table 5 Patient characteristics and corresponding P-values that were fitted in the multiple logistic regression
model. Preoperative MRC-score and duration of symptoms were the only variables with a significant impact on
postoperative MRC-score. A P-value less than 0.05 was considered to be statistically significant




Discussion

To our knowledge, this is the first retrospective study containing this extended amount of patients with foot drop
secondary to weight loss. Although there exist some interesting hypotheses, it still remains unclear how weight
loss gives rise to the occurrence of peroneal nerve entrapment. The first observations took place right after World
War |1, where foot drop was observed in prisoners of war (Kaminsky F. 1947; Denny-Brown D. 1947) [11]. In
1991, Wadstrém et al. believed that foot drop could be explained by a shortage of vital nutrients and vitamins
[47,55]. Furthermore, foot drop was seen in cancer patients [18,44,30] and in patients following a strict diet or
those who underwent bariatric surgery [47,8,46,50,4,44,30]. The underlying cause in all of these cases might be
explained by the associated weight loss. Nevertheless, weight loss plays an important role in the development of
foot drop, occurring in about half of our patients (216 out of 421 patients). This is comparable with previous

research conducted by Weyns et al., in which weight loss occurred in 43.5% of patients [57].

There still remains some controversy about the proper treatment of patients with foot drop, especially in those who
develop foot drop secondary to weight loss. This is encouraged by a lack of scientific agreement concerning this
topic. For example, it remains unclear whether to choose a conservative treatment or a surgical approach right
away. In 1976, Sorell et al. performed a retrospective study in which patients with peroneal nerve entrapment were
treated conservatively only. Five out of twenty-six patients (25%) had a complete recovery. Seven patients (35%)
showed a partial recovery [49]. This is comparable with the observation made by Krakow et al., where none out
of five patients who received a conservative treatment for peroneal nerve entrapment made a full recovery. After
performing external neurolysis on the very same patients, four out of five cases (80%) experienced a full recovery
[31]. Moreover, there are some studies reinforcing the important role of external neurolysis in the treatment of
peroneal nerve entrapment. For example the study of Thoma et al., in which nineteen out of twenty patients (95%)
experienced a full recovery [53]. This is comparable with a study conducted by Fabre et al., in which the success
rate was 87% after external neurolysis [14]. Despite these good results, we have to take into consideration the
small sample size that was encountered in all of these studies. Therefore, the analysis that we made, involving 200
patients, should yield an important contribution in the discussion whether external neurolysis is useful or not in

the treatment of patients with peroneal nerve entrapment caused by weight loss.

Data in our study suggests that the moment of surgery is crucial in obtaining excellent postoperative results. Like

other studies, the shorter the duration of symptoms before surgery, the better the results [58].

In contrast to earlier studies, we demonstrated that some patient characteristics are important in predicting the
benefit of external neurolysis in patients with foot drop secondary to weight loss. Unlike Mont et al., we were able
to find an association between the amount of preoperative loss of muscle strength and postoperative recovery [38].
This denotes the fact that a higher preoperative muscle strength is associated with a postoperative outcome that is
more satisfactory. Unlike Waldstrom et al., we found a highly significant association between duration of
symptoms and postoperative outcomes after external neurolysis. Therefore, better results can be obtained when

patients are treated as soon as possible in the progression of foot drop.



There are some limitations concerning our study. Firstly, we were only able to analyze data from patients admitted
to the team of neurosurgeons at ZOL.. Because the lack of access to databases from other hospitals in the country,
we were not able to follow those patients that were admitted or transferred to another hospital after surgery.
However, the statistical methods used in our study did take into account the possibility of potential loss to follow-
up. Secondly, it is important to underline the subjective nature of sensory symptoms. It is very hard for patients to
precisely describe the exact symptoms that they experience, making detection of these symptoms very difficult.
Thirdly, due to lack of relevant research concerning the conservative approach of peroneal nerve entrapment, it is
nearly impossible to compare surgical and conservative outcomes. Therefore, further analysis is necessary to assess
differences in outcomes between conservative and surgical approaches. Fourthly, the influence of regaining weight
on peroneal nerve abnormalities was not considered an objective in our study. However, this could have an added
value in current literature. Therefore, this should be further evaluated, leading to a better understanding of the
underlying pathophysiology of peripheral nerve abnormalities. Finally, there still exists some operation bias in our

study, since patients having symptoms lasting for more than six months are rarely surgically approached at ZOL.

Conclusions

Statistical analysis performed during this study emphasizes the important role of external neurolysis in the
treatment of peripheral peroneal nerve entrapment secondary to weight loss. When defining success as a
postoperative MRC-score of at least 4, external neurolysis has a success rate of 85%. A significant difference
(P=<0.0001) between postoperative and preoperative MRC-scores indicates external neurolysis leads to significant
improvement of motor function in patients with foot drop secondary to weight loss.

A multiple logistic regression model showed that “preoperative MRC-score” and “duration of symptoms” were
the only variables with an influence on postoperative MRC-score. Other variables such as “age”, “gender” and
“side of entrapment” had no significant impact on postoperative results. Finally, postoperative complications were
fairly uncommon and mostly mild. Therefore, external neurolysis can be seen as an effective and safe procedure
in patients with foot drop secondary to weight loss. The size of the study population makes this research highly
relevant for clinical practice, in particular because at the moment there are no other studies in medical literature
with a comparable population size.
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