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Abstract

Cutaneous nerve injury is the most common complication following foot and ankle surgery.
However, clinical studies including long-term follow-up data after cutaneous nerve injury of
the foot and ankle are lacking. In the current retrospective study, we analyzed the clinical data
of 279 patients who underwent foot and ankle surgery. Subjects who suffered from apparent
paresthesia in the cutaneous sensory nerve area after surgery were included in the study. Pa-
tients received oral vitamin B,, and methylcobalamin. We examined final follow-up data of 17
patients, including seven with sural nerve injury, five with superficial peroneal nerve injury, and
five with plantar medial cutaneous nerve injury. We assessed nerve sensory function using the
Medical Research Council Scale. Follow-up immediately, at 6 weeks, 3, 6 and 9 months, and 1
year after surgery demonstrated that sensory function was gradually restored in most patients
within 6 months. However, recovery was slow at 9 months. There was no significant difference
in sensory function between 9 months and 1 year after surgery. Painful neuromas occurred in
four patients at 9 months to 1 year. The results demonstrated that the recovery of sensory func-
tion in patients with various cutaneous nerve injuries after foot and ankle surgery required at
least 6 months.
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Introduction

The foot and ankle have little soft-tissue coverage and abun-
dant innervation. Cutaneous nerve injury is the most com-
mon complication of foot and ankle surgery (McMahon et
al., 2011; Mercer et al., 2011; Hughes et al., 2014). However,
the treatment and follow-up of foot and ankle problems in
clinical practice have tended to concentrate on the original
disease or injury (e.g., fractures and deformities), and the
clinical treatment and recovery of cutaneous nerve inju-
ries around the foot and ankle have been largely ignored.
Cutaneous nerve injuries may thus result in local sensory
abnormalities and the development of painful neuromas,
associated with problems with wearing shoes or walking
(Solomon, et al., 2001; Takao et al., 2001; Shim et al., 2014).
Furthermore, abnormal sensation and neuroma formation
may affect the patient’s quality of life and lead to an unsat-
isfactory outcome. However, no long-term observational
and follow-up studies have investigated these issues, and
the question of whether cutaneous nerve injuries recover
completely over time, or if loss of sensation persists remains
unanswered.

We conducted a 1-year follow-up, observational study
in patients with cutaneous nerve injury caused by ankle
surgery, to establish the pattern of recovery after cutaneous
nerve injury of the ankle.

Subjects and Methods

Subjects

A total of 279 patients underwent angle surgery from August
2012 to July 2013. We assessed patients with local sensory
disorders after surgery. Twenty-three patients were diag-
nosed with cutaneous nerve injury of the ankle and data
were finally obtained for 17 patients, including 13 men and 4
women, with an average age of 33.6 (25-61) years. These in-
cluded seven cases with sural nerve injury, five with superfi-
cial peroneal nerve injury, and five with medial plantar nerve
injury.

Among the above patients with cutaneous nerve injury, 10
patients underwent open surgery and seven underwent min-
imally-invasive or arthroscopic surgery. Patient character-
istics and details of their surgical treatment and cutaneous
nerve injury are shown in Table 1.

Postoperative treatment

Patients with significant abnormal sensation in the cutane-
ous nerve region after surgery were diagnosed with cutane-
ous nerve injury.

Following a definite diagnosis, patients received oral vita-
min B,, (Yuxing Biopharmaceutical Factory, Xingtai, Hebei
Province, China) 2 ug, twice a day, and oral methylcobala-
min (Weicai China Pharmaceutical Factory, Suzhou, Jiangsu
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Province, China) 0.5 mg, once a day, for 1 month.

Follow-up procedure

The Medical Research Council Scale was used to assess nerve
sensory function in consecutive follow-up observations of
patients immediately after surgery (Seddon, 1975), and at
6 weeks, 3, 6, and 9 months, and 1 year after surgery. All
observations were completed by the same group of doctors.
Hot and cold sensations were tested using two test tubes
filled with hot and cold water, respectively. Discrimination
between two points was tested using static two-point dis-
crimination (S2PD) and movable two-point discrimination
(M2PD) tests (Seddon, 1975). In this test, patients were
asked to close their eyes and the needle tip of the tester was
used to determine the extent of the sensory disorder. Both
needle tips should contact the patient’s skin at the same
time. The distance between the two needle tips was increased
and the patient was asked if they could detect one or two
points. If the patient could detect two individual points, the
distance between them was reduced until the patient detect-
ed them as a single point. The Medical Research Council
Scale was adopted to evaluate the patient’s nerve function,
which was classified into six levels from SO to S4: SO, loss of
single sensory innervation zone; S1, recovery of deep single
sensory innervation zone; S2, certain recovery of pain and
touch senses in the single superficial sensory innervation
zone; S3, recovery of pain and touch senses in the single
superficial sensory innervation zone and disappearance of
hypersensitivity, S2PD (mm) > 15, M2PD (mm) > 8; S37,
feeling further recovered on the basis of S3 S2PD (mm) 6-15,
M2PD (mm) 4-8; and S4, complete recovery S2PD (mm)
2-3, M2PD (mm) 2-5.

Neuroma detection

Patients with pain in the sensory-defect zone or local in-
cision after surgery underwent ultrasound tests (Philips
HD7XE, Amsterdam, Netherlands), conducted by the same
doctor.

Statistical analysis

Statistical analysis was conducted using PASW 18.0 statistical
software (SPSS, Chicago, IL, USA). All numerical data are
summarized as the mean £ SD. Sensory nerve function was
graded as numeration data and neurological recoveries at dif-
ferent follow-up observation periods and in different nerves
were compared using rank sum tests (Wilcoxon’s test). The
recovery of neurological function in relation to time was ana-
lyzed by Kaplan-Meier curves and chi-square tests. A value of
P <0.05 was considered statistically significant.

Results

One-year follow-up data in patients with cutaneous nerve
injury after foot and ankle surgery

The Medical Research Council Scale was used to evaluate the
recovery of sensory function in patients who had undergone
surgery, after 6 weeks, 3, 6 and 9 months, and 1 year (Table 2).
At 6 weeks after surgery, most sural nerves had only recov-
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ered to S2 level, while sensory function had almost returned
to normal in a few patients with superficial peroneal nerve
and saphenous nerve injuries. Sural nerve sensation began
to recover at 3 months after surgery, but there were no cases
of complete recovery of sural nerve sensation. However, su-
perficial peroneal nerve function had returned to normal in
a few cases, and saphenous nerve sensation had recovered to
normal or close to normal levels in most cases. Hyperalgesia
had started to disappear by 6 weeks after surgery in most pa-
tients, and had largely disappeared at 3 months after surgery,
except in patients with painful neuromas.

All the involved nerves eventually healed, but recovery was
slower after 9 months. There was no significant difference
in Medical Research Council Scale between 9 months and 1
year (Z=-0.919, P=0.358) (Table 3).

There were no significant differences among the different
nerve-injury groups in terms of nerve recovery (Table 4).
However, while residual sensation had recovered well in pa-
tients with saphenous and superficial peroneal nerve injuries
at 6 months after surgery, some patients with sural nerve
injury still experienced some loss of function, with painful
neuromas, palpable subcutaneous induration, and distinct
local radiation discomfort and pain. By 9 months and 1
year after surgery, neurological function was significantly
recovered compared with immediately after surgery; sensory
function had returned to almost normal in most patients
with saphenous and superficial peroneal nerve injuries, but
recovery of sural sensory nerve function was unsatisfactory
in one patient. Two patients with painful neuromas experi-
enced numbness and radiation-like pain. One patient with
superficial peroneal nerve injury and one patient with sa-
phenous nerve injury suffered from neuromas, which could
be removed by surgery.

Recovery sensory function in patients with cutaneous
nerve injury after foot and ankle surgery

Nerve function gradually recovered over time, as demon-
strated by Kaplan-Meier analysis. Three months after sur-
gery appeared to be an important time point. There were
no significant differences between different nerve-injury
groups (y* = 1.123, P = 0.571) (Figure 1), and the curves
for superficial peroneal nerve and saphenous nerve recovery
overlapped and showed similar variation trends.

Discussion

Cutaneous nerve injury is common after ankle surgery as a
result of incision, contusion, or entrapment caused by suture
ligation (Solomon et al., 2001; O’Neill et al., 2007; McMahon
et al., 2011; Hughes et al., 2014). Local, painful neuromas
may develop in some cases (Shim et al., 2014). There are two
reasons for these complications. Firstly, the surgical incision
may include the distribution area of the cutaneous nerve.
Redfern et al. (2003) studied 56 patients who underwent
open reduction and internal fixation and 64 who received
conservative treatment with plaster fixation for ankle joint
fractures. Over a 2-year follow-up period, 15% cases were
affected by symptoms of superficial peroneal nerve injury,
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Figure 2 A 46-year-old male patient undergoing percutaneous tendon suture surgery after right tendon fracture.

This patient experienced numbness at the lateral dorsalis pedis after surgery, with local pain and discomfort at the lateral dorsalis pedis near the
bottom of the foot at 4 months after surgery. (A) Side view of foot showing numb area; (B) posterior view of foot showing numb area; arrow shows
surgical scar and neuroma formation; (C) ultrasound image of local neuroma. M, 1+, 1-, 2—: Suspicious lesions during B-ultrasound, no practical
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Figure 1 Kaplan-Meier curves for patients with different nerve
injuries during 1-year follow-up.

The curves for superficial peroneal nerve and saphenous nerve inju-
ries overlapped. 1: Immediately after surgery; 2—6: 2 weeks, 3, 6, and 9
months, and 1 year after surgery, respectively.

such as local pain. Using a posterolateral surgical approach
to the ankle was an effective technique for protecting the su-
perficial peroneal nerve (Redfern et al., 2003). Furthermore,
anatomical studies demonstrated that the superficial pero-
neal nerve may often be injured during open reduction and
internal fixation of the lateral malleolus in open reduction
procedures. For instance, in the case of type B superficial
peroneal nerves, according to the Blair & Botte classification,
the dorsal nerve branch passes obliquely through the lateral
malleolus (Halm and Schepers 2012). This presents a risk
of superficial peroneal nerve injury when adopting a lateral
approach for lateral malleolus fracture fixation. In relation
to the approach for ankle arthroscopy surgery, the antero-
medial approach may damage the superficial peroneal nerve
and risk damaging the dorsalis pedis branch of the saphe-
nous nerve (Takao et al., 2001; Ucerler et al., 2007; Hughes
et al., 2014). However, sural nerve injury is more common
in closed percutaneous Achilles tendon suture surgery;

while the sutures pass through both sides of the tendon, the
stitches or puncture may involve the sural nerve (McMahon
et al., 2011). Shim et al. (2014) verified that the symptoms
could not be relieved by conservative treatment, and surgical
removal was necessary in patients with painful neuroma of
the medial dorsal cutaneous nerve. In the current study, we
observed no improvement following conservative treatment
in four patients (two cases of sural nerve injury, one case
of superficial peroneal nerve injury and one case of saphe-
nous nerve injury). The cutaneous nerve pathway around
the ankle is superficial and neuromas may form relatively
easily. These lead to significant symptoms that are difficult
to relieve by conservative therapy, and surgical treatment is
therefore recommended (Figure 2).

Cutaneous nerve injury of the ankle has been reported as
a complication of foot and ankle surgery in many clinical
papers. However, observations of neurologic function after
the injury are often neglected in favor of clinical observa-
tions of the primary problem (e.g., fracture or deformity
correction). Previous studies on the treatment of peripheral
nerve injuries have tended to concentrate on the recovery
and restoration of function after motor nerve injury, while
the natural history and observational follow-up of cutane-
ous nerve injuries are often neglected. Previous follow-up
observations of cutaneous nerve injury of the ankle have
included observations of donor-site injuries after sural nerve
grafting. Abnormal sensation at the donor site disappeared
by 3 months after transplantation, with residual sensation
disorder in the middle of the dorsalis pedis and the front
side of the ankle (Buntic et al., 2002). Gideroglu et al. (2005)
conducted a 1-year follow-up observation of sensation re-
covery after saphenous nerve flap surgery, and concluded
that although sensation recovered in all patients, it only re-
covered to the same level as the uninjured side in three cases
(3/14). This suggests that not only is the recovery period for
cutaneous nerve injury of the ankle long, but that a lack of
sensation may persist. In the current study, patients in all
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Table 1 Clinical data for patients with cutaneous nerve injuries

No.  Gender Age (year) Surgery Nerve injury Branch

1 Male 44 Supracondylar osteotomy Saphenous nerve Anterior branch

2 Female 35 Trimalleolar fracture ORIF Superficial peroneal nerve Lateral dorsal branch

3 Female 44 Trimalleolar fracture ORIF Superficial peroneal nerve Lateral dorsal branch

4 Male 25 Percutanous achilles tendon suture ~ Sural nerve Lateral dorsal branch

5 Male 33 Percutanous achilles tendon suture Sural nerve Lateral dorsal branch

6 Female 49 Bimalleolar fracture ORIF Saphenous nerve Posterior branch

7 Female 28 Medial malleolar osteotomy Saphenous nerve Anterior branch

8 Female 19 Posterior ankle arthroscopy Sural nerve Lateral dorsal branch

9 Male 35 Ankle arthroscopy Superficial peroneal nerve intermedial dorsal branch
10 Male 36 Posterior ankle arthroscopy Sural nerve Lateral dorsal branch

11 Male 44 Posterlateral approach fibular ORIF = Sural nerve Lateral calcaneal branch
12 Male 37 Posterior tibial tendon transfer Saphenous nerve Posterior branch

13 Male 36 Trimalleolar fracture ORIF Saphenous nerve Posterior branch

14 Male 59 Percutanous achilles tendon suture ~ Sural nerve Lateral dorsal branch

15 Male 51 Pilon fracture ORIF Superficial peroneal nerve Intermedial dorsal branch
16 Male 41 Bimalleolar fracture ORIF Superficial peroneal nerve Lateral dorsal branch

17 Male 30 Posterior ankle arthroscopy Sural nerve Lateral calcaneal branch

ORIF: Open reduction and internal fixation.

Table 2 Medical Research Council Scale ratings for patients (n) with

different types of nerve injury at different follow-up time

Table 3 Nerve recovery at different follow-up times (Wilcoxon's test)

Follow-up time after surgery

Scale

Immediately 6 weeks 3 months 6 months 9 months 1 year

Sural nerve
SO

S1
S2
S3
S3*
S4 0
Saphenous nerve
SO 3
S1
S2
S3
S3*
S4 0
Superficial peroneal nerve
SO 4 0

S1 1 2
S2 1
S3
S3"
S4
Total
SO 11
S1
S2
S3
S3*
S4
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0 0 0
1 0 0
2 3 3
2 0 0
1 2 1
1 2 3
0 0 0
0 0 0
0 0 0
2 2 1
2 0 1
1 3 3
0 0 0
0 0 0
1 0 0
1 2 1
2 2 2
1 1 2
0 0 0
1 0 0
3 3 3
5 4 2
5 4 4
3 6 8

Follow-up time after surgery Z P
Immediately vs. 6 weeks —2.956 0.003*
6 weeks vs. 3 months -2.801 0.005%*
3 months vs. 6 months -2.801 0.005%*
6 months vs. 9 months —2.646 0.008%*
9 months vs. 1 year -0.919 0.358

*P < 0.05.

Table 4 Nerve recovery in different nerve-injury groups (Wilcoxon'

stest)
Follow-up
time after
surgery  Nerve V4 P
6 weeks Sural nerve vs. superficial peroneal nerve —0.772 0.440
Sural nerve vs. saphenous nerve -1.02  0.308
Saphenous nerve vs. superficial -0.328 0.743
peroneal nerve
3 months Sural nerve vs. superficial peroneal nerve —2.089 0.037
Sural nerve vs. saphenous nerve -0.413  0.679
Saphenous nerve vs. superficial -0.651 0.515
peroneal nerve
6 months Sural nerve vs. superficial peroneal nerve —-1.337 0.181
Sural nerve vs. saphenous nerve —0.997 0.319
Saphenous nerve vs. superficial -0.219 0.827
peroneal nerve
9 months  Sural nerve vs. superficial peroneal nerve -1.107 0.268
Sural nerve vs. saphenous nerve -0.42  0.674
Saphenous nerve vs. superficial -0.671 0.502
peroneal nerve
1 year Sural nerve vs. superficial peroneal nerve —0.601 0.548
Sural nerve vs. saphenous nerve —-0.194 0.846
Saphenous nerve vs. superficial —0.454  0.650

peroneal nerve
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groups experienced abnormal sensation in the cutaneous
nerve innervation region for at least 6 weeks, after which,
hyperpathia appeared during the recovery of sensory func-
tion. The duration of saphenous nerve hyperpathia was
short (no longer than 1 month), but that of the sural nerve
was relatively long (at least 2 months). After 3 months, the
sensation disorders were gradually relieved, and returned to
normal in some cases. Among the three nerve-injury groups,
sural nerve recovery was slowest, with the presence of pain-
ful neuromas in its innervation zone. However, sensation in
the above cutaneous nerve injury region gradually recovered
to normal by 6 months to 1 year after surgery. This differs
from the situation following complete nerve transection
injury or harvesting of the cutaneous nerve for transplan-
tation, because the injury may only be caused by excessive
traction or contusion, allowing complete recovery in some
cases. In the case of motor nerve injury, recovery is closely
related to the distance between the nerve injury and the tar-
get organ (dominant muscle). Based on axonal regeneration,
sensory nerves may be expected to follow a corresponding
regeneration law. However, clinical follow-up observations
have confirmed that recovery after cutaneous nerve injury in
the ankle usually starts at 4-6 weeks, and complete recovery
usually requires 6 months or longer.

According to the Kaplan-Meier curves, complete recovery
after cutaneous nerve injury usually took from 6-9 months.
Comparison of the superficial peroneal, sural, and saphe-
nous nerves suggested that recovery was fastest in the su-
perficial peroneal nerve, possibly because of the promoting
effects of the ramus communicans and the nerve distribu-
tion region. According to anatomical studies, the rami com-
municantes of the sural nerve and superficial peroneal nerve
are abundant in the anterolateral part of the dorsalis pedis
and metapedes (Nagabhooshana et al., 2009). Drizenko et
al. (2004) demonstrated that 58% of rami communicantes
were located approximately 4-5 cm from the lateral malleo-
lus in 55 cases. Some recent anatomical studies have shown
that the superficial peroneal nerve often has a deep branch
that may play a role in restoring sensation in the foot (Tzika
et al., 2012). Nevertheless, rami communicantes also exist
among different trunks of the cutaneous nerve, resulting in
different clinical presentations after cutaneous nerve injury
of the ankle.

This study has two main limitations. Firstly, we did not
relate the cutaneous nerve injury in the ankle to a functional
evaluation of the ankle, mainly because of differences in the
patients’ original diseases and injuries, and in surgical treat-
ments. Secondly, in patients with painful neuromas, surgical
removal was performed 1 year after the original surgery, and
further follow-up observations were required to assess the
recovery of neurological function after surgery.
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data. LB wrote the paper. All authors approved the final ver-
sion of the paper.
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