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A potential complication of sarcoma excision surgery is a sensory neurological dysfunction around the surgical scar. This study
utilised both objective and subjective sensation assessment modalities, to evaluate 22 patients after sarcoma surgery, for a sensory
deficit. 93% had an objective sensory deficit. Light touch is less likely to be damaged than pinprick sensation, and two-point
discrimination is significantly reduced around the scar. Results also show that an increased scar size leads to an increased light
touch and pinprick deficit and that two-point discriminatory ability around the scar improves as time after surgery elapses. 91%
had a subjective deficit, most likely tingling or pain, and numbness was most probable with lower limb sarcomas. Results also
demonstrated that there were no significant relationships between any specific subjective and objective deficits. In conclusion,
sensory disturbance after sarcoma surgery is common and debilitating. Efforts to minimize scar length are paramount in the
prevention of sensory deficit. Sensationmay also recover to an extent; thus, sensory reeducation techniquesmust become an integral
aspect of management plans. Finally to obtain a comprehensive assessment of sensory function, both objective and subjective
assessment techniques must be utilised.

1. Introduction

Sarcomas are rare mesenchymal malignancies originating in
supportive/connective body tissues includingmuscle; neural,
cartilaginous, vascular, and adipose tissue; and bone [1–6].
There are approximately 3200 sarcomas diagnosed in the UK
each year [7]; they account for 1% of malignant neoplasms
in adults and 10% in children [8]. Although sarcomas
are infrequent neoplastic manifestations [9], they impact
substantially on mortality (50% 5-year survival) [10, 11]. The
majority (60%) of sarcomas originate peripherally, 15% affect
the head/neck/external trunk, and the remainder are in the
retroperitoneal abdomen [12].

In the 1970s, amputation was the cornerstone of sarcoma
management. Presently, limb salvage surgery is often prefer-
ential [13]; this surgical modification along with contempo-
rary furtherance in imaging, biomedical engineering, and the
advent of adjuvant chemotherapy has greatly improved sur-
vival [12, 14, 15]. With improved survival rates, complications

of sarcoma management afflict all aspects of a patient’s
health for longer [16]. A frequently overlooked complication
of sarcoma surgery is neurological (specifically sensory)
impairment. As many as 73% of patients have developed
a new subjective neural impairment after tumour excision,
with the majority experiencing a transient mild sensory loss,
while some experienced major sensation impairment [17].
Sensory nerve injury has also been documented following
other extremity surgeries, such as varicose vein surgery [18,
19] and lower limb arterial surgery [20].

Due to the profound detrimental impact that sensory
dysfunction has on patients [21] and the contemporary shift
in medicolegal conventions towards a litigation culture [22],
it is crucial that patient and clinician are made aware of all
aspects of this potential management complication.

The present study utilised objective and subjective sen-
sory measurement tools, to specifically assess the likeli-
hood of a sensation deficit occurring after sarcoma excision
surgery, and subsequently quantified and characterized these
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deficits. The study also aimed to establish any appar-
ent predisposing/precipitating factors in the occurrence
of both objective and subjective sensory deficit, with a
view to informing future management plans. The study
also addressed the question of whether subjective sensory
dysfunction correlates to objective sensory dysfunction in
individual patients, an important matter with regard to the
accurate assessment of a patient’s neuropathy [23].

2. Method

2.1. Recruitment. Over a period of 12months, 22 patients who
had undergone sarcoma excision surgery were identified and
recruited, as they attended a sarcoma follow-up clinic, at the
Cancer Centre in the Western General Hospital, Edinburgh.
There were 13 male patients and 9 female patients, with a
mean age of 58 (16–84). There were 9 upper body tumours
(defined as occurring superior to the anterior superior iliac
spine (ASIS)) and 13 lower body tumours (inferior to ASIS).

2.2. Surgery. Sarcoma excision surgery was performed by a
consultant orthopaedic surgeon; 20 patients underwent limb-
salvage surgery, and 2 had above-knee amputations.

2.3. Questionnaire. The questionnaire formed the subjective
evaluation of sensory function [24]. Having gained written
consent, patients were asked to complete a questionnaire
about sensation changes following surgery.The questionnaire
asked about tumour location and subsequent surgical scar.
Patients were then asked whether they had experienced any
sensory neurological symptoms (specifically sensation loss,
tingling, or numbness) before/after their surgery andwhether
these symptoms had spread to other parts of the body.
Patients were also asked whether, excluding postoperative
pain, they had ever experienced pain around their scar, and
if so, they were asked to rate this on a pain scale [25, 26]
and identify whether any analgesics had been taken. Finally,
patients were asked whether any of their symptoms after
surgery had caused them inconvenience or resulted in a
reduction of limb function.

2.4. Tests of Sensory Nerve Function. Theobjective evaluation
comprised three tests of sensory nerve function. Prior to con-
ducting the tests, scar length was measured in millimeters.

The first test assessed light touch (LT). A cotton wool ball
was dabbed on the patient’s skin around the scar, while the
patient was blindfolded, and the patient was asked to respond
verbally to each touch they felt [27].The same location on the
contralateral (unoperated) side of the body was also assessed
as the control.

The second test assessed superficial pain. A neurotip
(neurological tool to assess pinprick (PP)) was touched on the
patient’s skin around the scar (at the same points the cotton
wool was dabbed), while the patient was blindfolded, and the
patient was asked to respond verbally to each touch they felt
[27].The contralateral side of the body was tested in the same
way as in test one for use as a control.

For both tests the cottonwool/neurotip was placed 0.5 cm
from the scar and at the same positions along the scar; if
sensation was absent at a point, the stimulus was moved
a further 0.5 cm perpendicular to the scar, and sensation
was tested at this point. This was repeated until the point
that sensation was present. Thus the boundaries of the areas
with absent sensation could be marked on a diagrammatic
representation of the patient’s scar, and utilizing the mea-
surement of scar length and the knowledge of how many
points were tested along the scar’s length, the LT/PP area
deficit could be calculated. The third test assessed two-point
discrimination. A pair of blunt-ended calipers was placed
on the patient’s skin at several positions around the area of
the scar, while the patient was blindfolded. Both points of
the calipers were applied until the first sign of blanching,
and the patient was asked whether one/two points were felt;
the minimum separation at which both points were felt was
recorded [27, 28]. The same points on the contralateral side
of the body were tested for use as a control. The average
minimum separation was then calculated for both ipsilateral
and contralateral sides, and the difference between the two
values was used to calculate a two-point discrimination
percentage deficit.

2.5. Data Collection and Statistics. The NHS Lothian TRAK
system was utilized to obtain the following additional infor-
mation: tumour volume, tumour grade, operative anaes-
thetic, and adjuvant radiotherapy.

Baseline characteristics of study patients were summa-
rized with frequencies and percentages for categorical vari-
ables and as mean and standard deviation for continuous
variables. Normality of data was checked using Shapiro-Wilk
and Kolmogorov-Smirnov tests. The demographic and clin-
ical characteristics of patients were evaluated using bivariate
analysis.The significance of categorical variables was assessed
using the Chi-squared tests or two-sided Fisher’s exact tests
(where less than five cases occurred in a cell).The significance
of continuous variables was assessed using Student’s 𝑡-test or
Mann-Whitney𝑈 (MWU) test for continuous nonparametric
data. Significance was set at 𝑃 ≤ 0.05, and two-tailed 𝑃 values
were reported throughout.

3. Results

3.1. Objective Sensory Deficit. 86% of patients had some
deficit in LT, PP, or both around the scar compared to the
unaffected contralateral side of the body. 59% had deficit
in LT sensation, with a mean area deficit of 12.99 cm2. 73%
had deficit in PP sensation, with a mean area deficit of
14.28 cm2. 93% had a decreased discriminatory ability in the
affected limb compared with the contralateral side of the
body. Utilising a Wilcoxon’s test, the difference in two-point
discrimination between the scar side and contralateral side
was shown to be statistically significant (𝑧 = −3.078, 𝑃 =
0.002) (Figure 1).

A Spearman’s test was performed to determine the rela-
tionship between scar length and objective sensory dysfunc-
tion. Both LT and PP deficits were significantly positively
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Figure 1: Box and Whisker plot showing values for two-point
discrimination around the scar and on the contralateral side of the
body. Discriminatory ability was markedly decreased in the area
around the scar compared to the unaffected contralateral side of
the body (𝑃 = 0.002). Scar side two-point discrimination: median
(𝑄2) = 47mm, lower quartile (𝑄1) = 42mm, and upper quartile
(𝑄3) = 50mm. Contralateral side two-point discrimination: 𝑄2 =
40mm, 𝑄1 = 31mm, and 𝑄3 = 45mm.
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Figure 2: Scatter plot showing the relationship between scar length
and light touch area deficit.There is a statistically significant positive
correlation between the length of the scar and light touch area
deficit. Spearman’s correlation coefficient = 0.451. 𝑃 = 0.035. As the
length of the scar increased, the area of light touch deficit around the
scar also increased.

correlated with the size of the scar (𝑃 = 0.035 and 𝑃 = 0.04,
resp.) (Figures 2 and 3).

We then investigatedwhether the objective sensory deficit
showed any improvement over time. Spearman’s test was
performed to determine the relationship between months
since operation and two-point discrimination percentage
deficit; there was a negative correlation (−0.664), which was
statistically significant (𝑃 = 0.024). Figure 4 shows the
relationship.

Two-point discrimination deficit decreases as time
elapses after sarcoma surgery (i.e., the difference in two-point
discrimination between the operated side and contralateral
side of the body decreases over time after surgery).
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Figure 3: Scatter plot showing the relationship between scar length
and pinprick area deficit. There is a statistically significant positive
correlation between the length of the scar and pinprick area deficit.
Spearman’s correlation coefficient = 0.442. 𝑃 = 0.04. As the length
of the scar increased, the area of pinprick deficit around the scar also
increased.
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Figure 4: Scatter plot showing the relationship between months
since operation and two-point discrimination percentage deficit.
Correlation coefficient = −0.664. 𝑃 = 0.024.

3.2. Subjective Sensory Deficit. 91% of patients had some
subjective deficit around the scar compared with the con-
tralateral side. 36% had sensation loss, 55% had numbness,
and 59% had tingling. 59% felt pain around the scar (mean
severity was 4.3/10). 59% felt their sensory symptoms had
inconvenienced them and/or affected limb function.

Therewas a significant relationship between tumour loca-
tion andnumbness, as shownby Fisher’s test (𝑃 = 0.027). 22%
of upper body tumours occurred with numbness, whereas
77% of lower body tumours occurred with numbness. The
relationship is shown in Figure 5.

Mean tumour volume also differed with location; upper
body tumours had a mean volume of 470.5 cm2, whereas
lower body tumours had a mean volume of 402.7 cm2.
Tumour grade also differed with location; 100% of upper
body tumours were high grade, whereas 73% of lower body
tumours were high grade.

3.3. Do Subjective Deficits Relate to Objective Deficits? We
tested whether any aspect of a subjective deficit was signifi-
cantly related to any aspect of objective deficit.There were no
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Figure 5: Stacked bar chart showing the relationship between
tumour location and numbness. The subjective feeling of numbness
was significantly more likely to occur in patients with lower body
tumours than in patients with upper body tumours. 𝑃 = 0.027.

significant relationships between any subjective or objective
sensation deficits.

4. Discussion

86% had some LT/PP deficit. Interestingly, the deficits in
LT and PP were similar but not congruent. More patients
had a PP deficit and the mean area of PP deficit was larger.
This lack of congruence may arise as LT sensation and
PP sensation are conveyed via different sensory pathways.
Pacinian/Meissner corpuscles mediate LT [29], whereas PP
is mediated by A-fibre nociceptors [30]. Our results suggest
that the PP pathway is more likely to be damaged via sarcoma
surgery. However another plausible explanation is that both
LT and PP pathways are damaged to similar extent, but
the LT pathway is more resilient; indeed LT receptors have
been shown to function in an atrophied state for lengthy
periods [29]. Identification of these resilient features of LT
receptorsmay be valuable in the future for understanding and
managing peripheral neuropathies.

Results show that 93% had significantly decreased dis-
criminatory ability in the affected limb, indicating that
sarcoma surgery disrupts tactile discrimination. This finding
is corroborated by a study observing median nerve function
after injury, which also reported a tactile discrimination loss
[31].

Although two-point discrimination is an extremely pop-
ular/practical test, some studies highlight procedural flaws
[32]. Studies show discriminatory ability diminishes with
age [33]; however, the current study shows a nonsignificant
relationship between patient age and discriminatory deficit.
Patient concentration has also been shown to influence
results [34]. Another study showed that test repetition could
improve discriminatory ability [35]. This phenomenon may
have affected our results, as the contralateral (unaffected)
limb was always tested second, and hence the improved

discrimination could be partially due to repetition. Future
improved methodology would remove this confounding
factor via randomising testing order.

Results show that as scar length increases LT/PP deficit
increases. Results also show that patients with no inconve-
nience had a smallermean scar length (183mm) than patients
with inconvenience (258mm), although this was nonsignif-
icant. Other studies have described an increased frequency
of complications with larger scars such as increased healing
times [36], psychological issues [37], and poorer cosmetic
results [38]. It may therefore be worthwhile to surgicallymin-
imize scar length, without compromising tumour excision.
Indeed other surgical forms are focusing on reducing scar
length to improve outcome, for example, in haemangioma
removal [39] and abdominoplasty [40].

Results also showed negative correlations between
months since operation and two-point discrimination/LT/PP
deficits; however only the relationship between two-point
discrimination and months since operation was significant.
An explanation is that there is a recovery of sensory function
over time (tolerance to sensory dysfunction, although a
recognized phenomenon [41], is not a plausible explanation,
as sensation deficit was objectively measured). Recovery
was also reported in a study on schwannomas, where 73.2%
developed a new neurological deficit after enucleation,
but at final follow-up 70% had no deficit [17]. Recovery of
neurological function has also occurred after peripheral
nerve injury [29, 42]. Another study, where sensory recovery
occurred, emphasizes the role that injury mechanism,
age, and sensory reeducation have [43]. The possibility of
sensation recovery demands that sensory reeducation be a
mandatory component of the management strategy for those
with deficits after sarcoma surgery.

91% had some form of subjective sensory deficit; in
another study 73.2% had a new subjective neurological deficit
following tumour surgery [17]. In both studies the subjective
sensory characteristic of tingling was most common. Results
showed that numbness was significantly more likely in lower
body than upper body tumours. An explanatory theory is
that lower body tumours are larger and more often high
grade at presentation (both characteristics are linked with
more complications [44–47]). Our study could not confirm
either of these points. Upper body tumours had a largermean
volume (however, volume data was only obtained for 2 upper
body tumours); and 100% of upper body tumours were high
grade, whereas only 73% of lower body tumours were high
grade. A plausible explanation for our results is that, due to
the greater density of sensory receptors in the upper body
[48], a surgical excision would damage a smaller proportion
of receptors (although actually a larger total number) in the
upper body; therefore, less sensory dysfunction occurs.

Evaluating sensation deficit is fundamental in many neu-
rological examinations, and numerous objective and subjec-
tivemethods exist; but should objective/subjectivemodalities
be utilised together to confer a more comprehensive insight
into sensory function? Our results show that there were
no significant relationships between subjective and objec-
tive deficits, indicating that these modalities cover different
aspects of sensory dysfunction.There was, however, a smaller
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mean LT deficit in patients with no sensation loss (5.8 cm2)
than in patients with sensation loss (10.89 cm2), indicating
some overlap in assessment tools. These results validate find-
ings by other researchers that although objective sensation
tests are a useful tool to evaluate sensory dysfunction, they
only partially replicate the complex perception of sensation
[49], and hence they must be utilised in conjunction with
subjective tools, in order to thoroughly understand a patient’s
sensory deficit.

5. Conclusion

We have demonstrated that sensory neuropathy is a relatively
common complication of sarcoma excision surgery. Our
results indicate that as scar size increases, sensation deficit
also increases; therefore, efforts tominimise the length of scar
during sarcoma excision surgery are important. Our results
demonstrate that the sensory neuropathy improves as time
after sarcoma surgery elapses; therefore, there could be an
element of sensation recovery. It is therefore important that
sensory reeducation techniques be considered as part of the
postoperative management plans in these patients. Finally
our results showed that therewere no significant relationships
between any objective and subjective deficits; therefore, when
assessing sensation deficits after sarcoma surgery it would
be pertinent to use both objective and subjective assessment
techniques.
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