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Abstract
Purpose: Chronic neuropathic pain, due to injury to the cutaneous nerve branches after knee surgery, is a
common postoperative problem. Therefore, the aim of this retrospective study was to evaluate the ability
of High-resolution Ultrasound (HRUS) to correctly diagnose the cause and origin of neuropathic pain
using selective ultrasound-guided diagnostic blocks.

Methods: Data were obtained retrospectively (time frame 2011-2019) from a consecutive cohort of
patients through a review of electronical medical records. Patients with postoperative neuropathic knee
pain and consecutive HRUS-guided selective nerve block were included. The main outcome measure was
pain intensity changes (baseline and post-blockade). A block was rated positive if there was ≥50% pain
relief. Further, ultrasound �ndings suggesting nerve damage or involvement were assessed.

Results: In 80/116 (69%) performed examinations, the diagnostic block was positive. Sonomorphologic
changes were detected in 64/116 cases (55.2%), including neuromas 21/116 (18.1%), nerve thickening
12/116 (10.3%), scar tissue 26/116 (22.4%), and involvement by other structures, e.g., ganglia 5/116
(4.3%).

Conclusion: HRUS and selective ultrasound-guided nerve blocks are valuable tools for the diagnosis of
neuropathic pain due to cutaneous nerve injury at the anteromedial knee after surgery.

Introduction
Postoperative, chronic, neuropathic knee pain due to injuries to the small cutaneous nerve branches is a
well-known clinical problem, accounting for discomfort in up to 13% of patients six months after total
knee arthroplasty 1 2 3.

Mostly, clinical symptoms after cutaneous nerve damage are mild, such as irritating paresthesia or
hypesthesia 4 5. Nevertheless, in some patients, severe chronic pain that leads to obviously reduced
quality of life have also been described 6.

Most surgical approaches at the knee are performed at the anteromedial knee 7. In case of iatrogenic
injuries, cutaneous nerve branches that innervate this area, such as the saphenous nerve, the intrapatellar
branches of the saphenous nerve, and the anterior femoral cutaneous branches of the femoral nerve, may
be affected and could be a potential source of neuropathic pain 8 9.

To correctly identify neuropathic pain, the quality and occurrence of the pain, as well as the distribution
patterns of the various nerves, must be considered 10. Since the variability of the nerve branches and the
cutaneous peripheral nerve �elds at the anteromedial knee vary extensively, a su�cient diagnosis based
only on clinical symptoms and examination may not be accurate 11.
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Since high-resolution ultrasound (HRUS), using high-frequency probes, offers excellent tissue
differentiation for the examination of small cutaneous nerve branches, and thus, enables the correct
selective nerve blocks, it is most important to correctly diagnose the origin of neuropathic pain 12.

Therefore, the aim of this retrospective study was to evaluate the ability of high-resolution ultrasound
(HRUS) to correctly diagnose the cause and origin of neuropathic pain using selective ultrasound-guided
diagnostic blocks, and to assess the morphological tissue changes that lead to neuropathic pain.

Methods
This study was approved by the Ethics Committee of the Medical University of Vienna. The study was
performed in accordance with the World Medical Association Declaration of Helsinki. The Ethics
committee of the Medical University of Vienna did not require informed consent for approval of this study
due to its retrospective nature.

Data from patients referred to the Department of Biomedical Imaging and Image-guided Therapy at the
Medical University of Vienna due to clinically suspected neuropathic pain at the anteromedial knee
between the years 2011 and 2019 were collected.

The data system (AKIM) was searched for ultrasound examinations, including the following nerve
branches: saphenous nerve (SN); infrapatellar nerve branches of the saphenous nerve (IPBSN); and
anterior femoral cutaneous nerve branches (FCN). From this data set, 334 performed ultrasound
examinations of the above-mentioned nerves in 184 patients could be identi�ed. The following inclusion
and exclusion criteria were applied:

Inclusion criteria

history of knee or lower limb surgery

diagnosis by ultrasound-guided diagnostic block

Exclusion criteria

duplicate blocks of one nerve per patient

Information about patient characteristics and the performed ultrasound examinations was retrospectively
collected. Information about patient characteristics included: age; sex; examined nerve;
sonomorphological pathologies; previous operation; local anesthetic drug used for diagnostic block;
nerve block response; and further treatment.

A positive block was de�ned as resulting in a 50% reduction in pain compared to baseline (prior to the
ultrasound-guided block).

Statistical analysis
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Descriptive statistics were performed using IBM SPSS Statistics for Windows Version 26.0.0.0 (IBM,
Armonk, NY, USA). Metric data, such as age, are presented as mean (+/- standard deviation; SD) and
range (minimum to maximum).

Results

Patient characteristics:
The study showed a clear female predominance – 74 female patients (77.1% female patients) and 22
male patients (22.9%). There was a female to male ratio of about 3.5:1.

At the time of diagnosis, patients had a mean age of 56.6 years, age range: 15–89 years.

Of the 116 diagnostic blocks, 80 blocks (69%) were positive (pain reduction of 50% or more); 17 were
negative (pain reduction less than 50%), and, in 19 cases, information about the result of the block was
not reported. Examples of ultrasound-guided nerve blocks are visualized in Fig. 2.

The diagnostic blocks were performed using lidocaine in 35 cases (30.2%) and bupivacaine in two cases
(1.7%). In the remaining cases, the local anesthetic was not speci�ed.

To achieve a selective block of each nerve, 0.3 ml of local anesthetic was used in three cases (2.6%),
0.5 ml in 14 cases (12.1%), 0.7 ml in three cases (2.6%), 1 ml in 33 cases (28.4%), 1.5 ml in three cases
(2.6%), and 2 ml in nine cases (8.8%). In 51 cases, the amount was not speci�ed.

Sonomorphological pathologic changes of the investigated nerves were described in 64 of the patients. In
21 examinations no pathology was detected and in 31 examinations no pathologies were described. The
different sonomorphological changes are listed in Table 1.

Table 1
– Listing of the different sonomorphological changes

detected in patients
No pathologies visible 21

Neuroma 21

Nerve thickening 12

Involvement of nerve by scar tissue 26

Involvement by other structures (ganglion, etc.) 5

No pathologies described 31

The operations in the patients’ history prior to ultrasound-guided nerve blocks,
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as well as different ultrasound-guided therapies applied after achieving a positive diagnostic block, are
described in Tables 2 and 3. Examples of different morphological nerve changes are visualized in Fig. 3.

Table 2
– Listing of the different

surgeries in the patients’ history
prior to ultrasound-guided nerve

blocks
Knee arthroscopy 22

Knee arthroplasty 29

Total hip arthroplasty 7

Lower limb amputation 6

Neurolysis 4

Other 28

Table 3
– Listing of further applied

ultrasound-guided therapies after
positive ultrasound-guided block in

the patients’ history
Radiofrequency ablation 13

Alcohol sclerosing injections 9

Hydrodissection 6

Discussion
Postoperative chronic pain after knee surgery is a relevant clinical problem 13. Common underlying
causes for postoperative knee pain are infection, loosening of the prosthesis, or instability. 8 14. However,
intraoperative nerve damage also has to be taken into consideration. In a prospective cohort study by
Rice et al. that investigated chronic postoperative pain after total knee arthroplasty, more than half of the
affected patients had pain that was most likely neuropathic 15.

Chronic postoperative pain of the anteromedial knee region is often caused by iatrogenic nerve injury
during incisions for different procedures 3. The saphenous nerve and its infrapatellar branches are often
affected during knee operations, such as arthroplasty, arthroscopy, meniscal surgery, and
ligamentoplasty, as well as during harvesting of the saphenous vein for coronary bypass graft procedures
16 17. Other nerves commonly at risk during operative procedures of the knee are the intermediate and
medial femoral cutaneous nerves, which are two anterior cutaneous branches of the femoral nerve that
provide sensory innervation of the medial thigh 1810. Since these branches show a high variability in their
course, especially in the anteromedial knee region, they are at a high risk for injury during incision 19.
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In our patient collective, the most common procedures in the history of the patients who suffered from
chronic postoperative pain were either knee prostheses or knee arthroscopies. A reliable tool for the
diagnosis of this pain is necessary since these operations are performed more and more frequently, with
a high risk of intraoperative nerve damage, and up to one-�fth of patients suffer from chronic
postoperative pain, with a high percentage of neuropathic pain.

As presented in this study, high-resolution ultrasound provides a valuable tool with which to diagnose
postoperative pathologic changes of the above-mentioned nerve branches, such as neuromas or nerve
thickening. Another relevant �nding that can be readily assessed via ultrasound is scar tissue
surrounding an affected nerve along its course.

However, the sonomorphological �ndings are not su�cient to reach a diagnosis in about half of all
patients, since pathologic �ndings were only detected in about 54% of all cases. Therefore, it is necessary
to perform highly selective ultrasound-guided peripheral nerve blocks to help con�rm the diagnosis of
which nerve is affected in the absence but also in the presence of sonomorphologic changes. To achieve
a precise identi�cation of the responsible nerve branch, only small amounts of local anesthesia should be
administered. In our study, no more than 2 ml of local anesthesia was injected under ultrasound guidance
in any patient. A reduction of at least 50% of the patient’s symptoms had to be achieved for a nerve block
to be positive and to establish a de�nitive diagnosis.

The correct identi�cation of the affected nerve also provides options for further ultrasound-guided
treatments, i.e., ultrasound-guided radiofrequency ablation or alcohol sclerosing injections 20 21 22.
Another treatment option is hydrodissection if a nerve is affected by scar tissue along its course.
Furthermore, if a surgical treatment option is planned, the altered nerve can be marked preoperatively
using high-resolution ultrasound 23 24 25.

Interestingly, our patient collective showed a clear female to male predominance, with a ratio of female to
male of 3.5 : 1. The reason for this is not quite clear; one paper that investigated chronic postoperative
pain reported that female gender was a risk factor 26. Another possible explanation may be that female
patients visit the doctor’s o�ce more often for pain; however, further exploration into this subject is
warranted.

Our study has strengths and limitations. One strength is the large patient collective. The main limitation
of this study is that data were collected retrospectively, and therefore, some data were missing, e.g., pain
reduction after diagnostic blocks was not reported in all patients.

In conclusion, this study con�rms the value of high-resolution ultrasound as a diagnostic tool with which
to identify the underlying causes of chronic postoperative pain with higher con�dence. In addition, in case
of postoperative nerve injury, HRUS allows the physician to reach a de�nite diagnosis using highly
selective peripheral ultrasound-guided nerve blocks in the absence as well as in the presence of
sonomorphological changes.
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Furthermore, high-resolution ultrasound aids in patient management via ultrasound-guided treatment
options, as well as interdisciplinary therapeutic patient management with other specialities.
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Figures

Figure 1

Study �ow chart and exclusion criteria
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Figure 2

Examples of ultrasound-guided nerve blocks (USGB) in four different patients. A, USGB of the medial
branch of the anterior femoral cutaneous nerve in a patient´s right leg approximately 15 cm cranial of the
knee joint; B, USGB of the infrapatellar branch of the saphenous nerve at the posterior edge of the
sartorius muscle in a patient’s right leg approximately 15 cm cranial of the knee joint; C, USGB of the
infrapatellar branch of the saphenous nerve in a patient’s right leg at the level of the medial knee joint; D,
USGB of the saphenous nerve of a patient’s right leg just 5 cm distal of the origin of the femoral nerve.
Abbreviations: White arrowheads: needle, Vm: vastus medialis muscle, Sar: sartorius muscle, fa: femoral
artery, White arrow: nerve.
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Figure 3

Examples of morphological nerve changes. A, Neuroma of the saphenous nerve in a patient’s right
proximal lower leg; B, neuroma of a infrapatellar nerve branch in a patient’s left knee; C: nerve swelling
(hyperechoic external epineurium) surrounded by hyperechoic scarring in a patient’s left infrapatellar
nerve branches; D, scar (hypoechoic) surrounding a right infrapatellar nerve branch. Abbreviations: White
arrowheads: needle, Sar: sartorius muscle, fa: femoral artery, White arrow: nerve; mFc: medial femoral
condyle; mTp, medial tibial plateau.


