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Chapter one 

This thesis on extremity surgery is divided into two main subjects: neuropathic 
pain and free flap reconstructions for complex soft tissue defects, which are major 
challenges in extremity surgery, impacting both functionality and quality of life. 

PAIN PATHOPHYSIOLOGY 

“An unpleasant sensory and emotional experience associated with, or resembling 
that associated with, actual or potential tissue damage” as defined by the 
International Association of the Study of Pain (IASP).1 This description may be 
imprecise and vague, but it does capture the complexity of pain. Chronic pain is a 
multifaceted and complex condition that impacts the lives of many individuals.2,3 
Patients face difficulties across various aspects of daily life, involving employment, 
functionality and overall quality of life, which includes mental, social and physical 
health.4–7 Beyond being a personal burden for patients, chronic pain also imposes 
a substantial economic strain on society and healthcare by both direct and indirect 
costs.8,9 Direct costs include increased healthcare expenses for medication, 
treatment and hospitalization. Indirect costs arise from reduced productivity, 
absenteeism and early retirement.10 These widespread impacts on patients and 
society underpin the need for improvement and motivate this work.

Understanding the difference between nociceptive pain and neuropathic pain 
is essential for effective pain management and optimizing patient outcomes. 
Nociceptive pain results from tissue damage by the activation of nociceptors, which 
are sensory nerve endings detecting chemical, mechanical or thermal stimulation.11 
Nociceptors serve a protective function, as they are only activated if the stimulus 
exceeds a specific threshold, allowing them to selectively identify and react to 
potentially damaging signals.12 After activation of the nociceptive system, impulses 
travel along the axons of Aδ and C fibers through the peripheral nerve pathways 
to the dorsal horn of the spinal cord, the brainstem, and the thalamus, ultimately 
reaching the cerebral cortex, where pain is registered.13,14 Neuropathic pain results 
from abnormal signaling caused by injury or disease of the somatosensory nerve 
system, which can extend from the peripheral nociceptor to the cortical brain. This 
is in contrast to nociceptive pain, which is caused by external damage.15 It is often 
described by patients as a burning pain or electrical shock sensation, which may 
be accompanied by allodynia or hyperalgesia.16,17 The neuropathic pain conditions 
discussed in this thesis are symptomatic neuroma and compression neuropathies.

A comprehensive understanding of anatomy is important for the surgical 
management of neuropathies. Despite following anatomical descriptions, in our 
experience and that of others, outcomes of selective denervation of the infrapatellar 
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branch of the saphenous nerve can be inconsistent, with occasional no reduction 
of pain.18 

NEUROMA 

A neuroma develops after peripheral nerve injury. Nerve damage may induce 
an abnormal inflammatory response, resulting in impaired regeneration and the 
subsequent formation of disorganized nerve tissue in the form of bulbous thickening 
(Figure 1).19 A neuroma can be classified into two categories: a neuroma in-
continuity, which results from damage to internal neural components while the 
epineurium is still intact.20 These neuromas are often not considered as "true" 
neuromas because the nerve is not completely cut. Terminal neuromas, on the 
other hand, occur at the ends of traumatic or iatrogenic severed nerves, such as 
after extremity amputation. After complete nerve transection, failure to reconnect 
the proximal and distal segments will always lead to the formation of a neuroma, but 
most are asymptomatic.21 They can, however, turn into a very painful and severely 
disabling condition, impairing patients in their daily activities and negatively affecting 
their quality of life.22–24 The mechanisms behind whether or not a neuroma becomes 
symptomatic remain unclear. It may result from an imbalance between regenerative 
and degenerative processes, in combination with neurotrophic factors after nerve 
injury.25 Central sensitization contributes to the transition from acute to chronic pain, 
which stresses the need for early detection and management.26,27
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Figure 1 Morphology of a neuroma. Histological image in Masson's trichrome staining of a neuroma 
of the tibial nerve in a rat model.

Extremity amputations are unavoidable radical decisions when limb salvage 
is no longer possible. Severe trauma is the primary cause for upper extremity 
amputation, whereas vascular disease and diabetes are the two main reasons 
for lower extremity amputation. From 2012 to 2021, 68.180 amputations were 
performed in the Netherlands, including upper (n=10.876) and lower limb (n=57.304) 
amputations.28 95% of upper limb amputations involved fingers, whereas 46% of 
lower limb amputations were toes. Despite the aim to preserve as much functionality 
as possible, extremity amputations have an immense impact on patients’ capabilities 
and overall quality of life.29–31 
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This impact of amputations on patients is multifaceted, with pain being one of the 
factors involved. Postamputation pain can be categorized as residual limb pain 
(RLP), which is pain originating from the remaining part of the amputated extremity. 
In contrast, pain felt in the missing part is defined as phantom limb pain (PLP).32 RLP 
is used as a collective term for multiple etiologies, each requiring different treatment, 
with symptomatic neuroma being one of the neuropathic causes. In literature, RLP 
is an underappreciated consequence of extremity amputations and its treatment 
is inconsistent. To adequately address RLP, diagnosing neuropathic pain caused 
by a symptomatic neuroma is crucial for treatment allocation. The true prevalence 
of RLP and symptomatic neuromas after extremity amputation are nevertheless 
still uncertain. 

Treatment requires a comprehensive and individualized approach, since pain 
experiences vary greatly between patients depending on the origin, type and 
intensity. In the management of symptomatic neuroma, a wide range of conservative 
treatments has been explored to address this complication, including various 
medical therapies such as antidepressants, anticonvulsant and opioids, pulsed 
radiofrequency, and steroid or alcohol injections.33–38 However, sufficient pain relief 
is often not achieved, and surgical alternatives are considered. 

Many surgical options have been proposed in the treatment and prevention regarding 
symptomatic neuroma following amputation, each with varying degrees of success. 
Traditional treatment options consist of techniques in which neuromas are excised, 
however due to the nerve ends’ tendency to regenerate into their original function, 
symptomatic neuroma recurrences are not uncommon.39 Traditional procedures 
include traction neurectomy or simple excision followed by nerve implantation into 
adjacent tissue, such as muscle or bone.40,41 There are also interventions that are 
intended to effectively stimulate the nerve endings with the theory of facilitating 
physiological regeneration, including regenerative peripheral nerve interface (RPNI) 
and targeted muscle reinnervation (TMR). After excision of the neuroma in RPNI, 
the nerve end is covered by a free and devascularized muscle graft. Consequently, 
the nerve innervates the muscle grafts, leading to restoration of functionality and 
therefore prevention of neuroma recurrence.42 In TMR, the terminal nerve stumps 
are connected to motor nerve branches of an intact denervated muscle in the 
amputated area, allowing the nerves to establish new connections and preventing 
neuroma formation by providing a more natural and functional pathway for nerve 
signals.43,44
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COMPRESSION NEUROPATHY 

Neuropathic pain may be caused by compression of peripheral nerves. Compression 
neuropathies are common conditions in daily practice in which mechanical damage 
induces demyelinating changes in the nerve, affecting signal transmission.45 
Patients complain of pain, numbness and weakness in the distribution of the 
entrapped nerve.

Compression neuropathies require an entirely different treatment than symptomatic 
neuromas. When conservative treatment options for ulnar nerve compression at the 
elbow are unsuccessful, patients are often treated with surgical decompression or 
submuscular transposition.46 Despite being considered the most effective surgical 
interventions, satisfaction is achieved by only 65 to 92% of individuals.47 At present, 
there is no ideal treatment for those suffering from persistent neuropathic pain 
of the ulnar nerve. In an effort to alleviate symptoms, some patients undergo 
numerous revision surgeries. With each subsequent operation, achieving a positive 
outcome becomes more challenging due to the formation of perineural scarring 
and fibrosis.48 In contrast to terminal neuromas, when the nerve is entirely severed, 
compression neuropathies typically include intact but injured nerves, allowing them 
to function to some extent, although accompanied by severe pain. As a result, 
surgical treatment must find a fine line between reducing pain while maintaining 
or improving functionality. Simultaneously achieving these objectives is surgically 
complex, but management extends beyond the procedure. Full treatment should 
ideally be multidisciplinary, with surgeons, pain specialists, psychologists, and 
physiotherapists working closely together.49 This approach addresses both the 
physical components of neuropathic pain and the psychological and functional 
aspects that affect these patients. 

FREE FLAP RECONSTRUCTIONS 

Rather than for pain indications, free flap reconstructions are typically more often 
performed in the treatment of complex defects exposing vital structures after severe 
trauma, malignancy or vascular disease. This thesis is focused on lower extremity 
reconstructions, in which the main objective is to avoid amputations and salvage 
limbs, aiming to restore the leg to its most functional state. Reconstructions for lower 
extremity defects differ from those for upper extremities due to the weight-bearing 
nature and consequently greater mechanical stress. Free flap reconstructions have 
proven to be reliable procedures with estimated total flap failure rates of 5%.50 The 
procedure not only aims for functional restoration but also contributes to improving 
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patients' quality of life by addressing both physical and psychological aspects of 
limb reconstruction. 

Figure 2 Schematic representation of a free tissue reconstruction using an anterior lateral thigh 
flap on a lower extremity defect.

An ongoing debate among microsurgeons concerns the optimal selection of flap 
type for lower extremity defects. While previous comparative studies have shown 
no significant differences between free fasciocutaneous and muscle flaps in terms 
of flap failure, reoperation rates, and limb salvage, these outcomes alone do not 
capture the full scope of patient recovery.51 Understanding also the patient-related 
perspectives on functionality, aesthetics and overall quality of life offers a more 
comprehensive perspective to guide surgical planning and may help with decision-
making. Flap selection should extend beyond technical feasibility to include a 
holistic understanding of patient priorities and long-term outcomes.

In a time characterized by demands for cost-effectiveness and efficiency, we must 
also critically evaluate our daily practices. A challenge in free flap reconstructions 
for lower extremity defects is the risk of postoperative venous stasis, which adds 
complexity to these procedures compared to those for the upper limbs. Postoperative 
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exposure of the flap to gravitational forces may hinder venous drainage, leading to 
stasis and thereby increasing the risk of flap necrosis. Therefore, these patients are 
subjected to a dangling protocol as the current standard of care. Usually starting a 
few days after the reconstruction, patients slowly expose the free flap to increasing 
venous pressure from gravity by hanging the reconstructed lower limb over the edge 
of the bed. The starting point after surgery, daily frequency and duration per session 
vary across different protocols that are used.52,53 The protocols are intended to 
reduce the postoperative risk of partial or total flap necrosis. Nevertheless, current 
literature provides no real evidence to support this theory. However, these protocols 
may result in extended hospital admissions and therefore, higher healthcare costs.

AIM AND OUTLINE OF THIS THESIS 

This thesis presents insights on extremity surgery, focusing on neuropathic pain and 
new perspectives on free flap reconstructions. Part I addresses relevant anatomy, 
a summary of literature and a treatment option concerning neuropathic pain in the 
upper and lower extremities. Part II discusses patient-reported outcomes after 
lower extremity reconstructions by free tissue transplantation and the postoperative 
protocol.

Part I – Neuropathic pain in extremity surgery
An anatomical study describing the course of the infrapatellar branch and the 
saphenous nerve is included in Chapter 2. The study presents the locations 
at which the infrapatellar branch or branches come off the saphenous nerve 
relative to the knee joint and the points at which both nerves cross the knee. 
By means of a systematic review and meta-analysis, Chapters 3 and 4 provide 
an overview of published literature on the prevalence of RLP and neuropathic pain 
caused by symptomatic neuromas after upper and lower extremity amputations. 
Therapy-resistant ulnar nerve neuropathic pain after multiple unsuccessful 
surgical interventions is also a very challenging problem. Chapter 5 presents a 
retrospective and cross-sectional study on extensive neurolysis with a subsequent 
free gracilis muscle flap coverage as a last-resort treatment option for failed nerve 
decompression and/or transposition.

Part II – New perspectives on free flap reconstructions 
Chapter 6 includes a retrospective and cross-sectional multicenter study in which 
the patient-reported outcomes of lower extremity free flap reconstructions have 
been examined. We studied the differences between fasciocutaneous flaps with 
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muscle flaps for these reconstructions. Additionally, patient-based risk factors 
are identified that are associated with decreased functionality and health-related 
quality of life. Chapter 7 elaborates on this by contrasting aesthetic outcomes 
and the impact on social functioning. A multicenter randomized controlled trial 
included in Chapter 8 focuses on the postoperative management after lower leg 
reconstructions by free tissue transplantation. This trial has assessed whether a 
non-dangling protocol is not inferior to a dangling protocol with partial flap loss as 
the primary outcome.

Chapter 9 provides a general discussion accompanied by future perspectives. 
Chapter 10 presents a summary of this thesis in both English and Dutch.

Acknowledgements: 
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ABSTRACT 

Background 
Nerve injury of the saphenous nerve or infrapatellar branch seems to be a frequent 
complication following knee surgery or trauma. Denervation results vary and in 
some cases no pain relief is achieved. This might be due to anatomic variation. 
The purpose of this anatomical study is to identify the variation in the course of the 
infrapatellar branch and saphenous nerve. 

Methods 
We dissected 18 cadavers from adult donors. Medial to the knee, the saphenous 
nerve and infrapatellar branch were identified and followed proximally to the point 
where the infrapatellar branch branched from the saphenous nerve. The location 
where the infrapatellar branch came off from the saphenous nerve relative to the 
knee joint and where it passed the knee joint were measured. 

Results 
A total of 23 infrapatellar branches were found. We identified 10 branches between 
0-10 cm proximal to the knee joint, 3 branches at 10-20 cm, and 9 branches at >20 
cm. Between the patella and semitendinosus tendon, the knee joint was crossed 
by 5 branches in the anterior, 15 in the middle, and 2 in the posterior one-third. 

Conclusion 
The origin of the infrapatellar branch and the location at which it passes the knee are 
highly variable. This, in addition to people having multiple branches, might explain 
why denervation is frequently unsuccessful. Based on the anatomical findings, we 
propose a more proximal diagnostic nerve block to help differentiate between a 
distal-middle or proximal origin of the infrapatellar branch. Appropriate placement 
of the nerve block might help identify people who benefit from denervation. 
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The origin and course of the infrapatellar branch 

INTRODUCTION 

The saphenous nerve is the largest sensory branch of the femoral nerve and 
provides cutaneous innervation to the medial part of the lower leg and foot.1 
According to most descriptions the infrapatellar branch separates from the 
saphenous nerve proximal to the medial femoral condyle as it innervates the skin 
over the anterior and medial region of the knee and inferior to the patella.2 Nerve 
injury of the saphenous nerve or infrapatellar branch is a frequent complication 
following knee surgery or trauma, with an incidence ranging from 21% to 69% 
depending on the type of surgery or trauma.3 Nerve injury can lead to neuropathic 
pain and can lower the quality of life significantly.4 The pain is described as sharp 
and burning, other symptoms include hyperalgesia, hypoesthesia, dysesthesia 
and allodynia.5 

In case non-operative therapies do not result in sufficient pain relief, surgical 
denervation can be considered.6 Selective denervation of the affected nerve can 
achieve long-term relief and improvement in patients’ quality of life.4,7 However, in 
our experience and that of others the results vary and in some cases no pain relief 
is achieved.8 We hypothesize that this could be explained by anatomic variation. 
For adequate treatment exact knowledge of the course of the saphenous nerve 
is required. We use nerve blocks to identify patients who might benefit from 
denervation. Knowing the exact location of the nerve through anatomic landmarks 
is essential for placing an adequate nerve block. Knowledge of anatomic variations 
is a prerequisite for a potentially successful denervation procedure. In addition, if 
we can reliably locate the infrapatellar branch, we may avoid the denervation of the 
complete saphenous nerve. A better understanding of the course of the infrapatellar 
branch and the saphenous nerve may also reduce iatrogenic injuries.

The purpose of this anatomical study is to identify the course of the saphenous 
nerve and the infrapatellar branch. Specifically, we aimed to answer the following 
questions: (1) where does the infrapatellar branch come off the saphenous nerve 
relative to the knee joint? (2) where do the infrapatellar and saphenous nerves 
cross the knee? 

METHODS 

Study population 
The lower limbs of 18 adult human cadavers were used, nine limbs were fresh-
frozen and nine were embalmed using 3% formaldehyde. These specimens were 
derived from bodies that entered the Department of Anatomy of the University 
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Medical Center Utrecht through a donation program. Written informed consent was 
obtained from these individuals while alive, allowing their entire bodies to be used 
for educational and research purposes. One limb had a scar from a saphenous 
vein stripping procedure, the other limbs showed no macroscopic signs of disease 
or scarring. The age and sex of the cadavers are unknown due to anonymization. 

Approach to dissection 
Dissections were performed by three authors (DK, EL and TT) and supervised by 
the senior author. All limbs were dissected with the knee in an extended position. 
The dissection generally proceeded as follows: (1) To mark the medial part of the 
knee joint we inserted two Kirschner wires; one ventrally in the knee joint at the 
medial edge of the patellar apex; and one through the semitendinosus tendon into 
the posterior part of the knee joint. For practical reasons we defined the knee joint 
as the line between the two Kirschner wires. (2) Medial to the knee, the saphenous 
nerve and the infrapatellar branch were identified and followed proximally to the 
point where the infrapatellar branch branched from the saphenous nerve; (3) 
The location where the infrapatellar branch came off from the saphenous nerve 
relative to the knee joint and the point where it passed the knee joint, respective to 
the Kirschner wires, were measured. 

Measured variables 
We measured the following parameters: (1) vertical distance from the location of the 
infrapatellar branch coming off the saphenous nerve to the knee joint. Five of the 
legs were cut distal to the separation of the infrapatellar branch of the saphenous 
nerve, and the distance could not be determined. For these legs we measured the 
length between the knee joint and the beginning of the infrapatellar branches at the 
point where the leg was cut; (2) Mean horizontal distance from the medial border 
of the patellar apex to the infrapatellar branch; (3) Mean horizontal distance from 
the medial border of the patellar apex to the saphenous nerve. The horizontal and 
vertical segments used to illustrate the course of the nerves and the location of the 
branching pattern are shown in Figure 1. The mean horizontal distance from the 
medial border of the patellar apex to the semitendinosus tendons, the infrapatellar 
branches, and the saphenous nerve, is presented in Table 3. Photographs of 
each dissection were taken with the last generation iPhone (Apple Inc., Cupertino, 
California, USA).
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Figure 1 Illustrative horizontal and vertical segments. The horizontal and vertical lines used to illus-
trate the course of the nerves and the location of the branching pattern are shown. The infrapatellar 
branches are grouped based on distance of branching off from the saphenous nerve relative to the 
knee joint: distal (0-10 cm), middle (10-20 cm), proximal (>20 cm). The infrapatellar branches and 
saphenous nerves are grouped by segment in which the knee joint is passed: anterior (A), middle 
(M), and posterior (P) third.
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Number of branches 
In the 18 dissected limbs, a total of 23 infrapatellar branches were found. At the 
level of the knee joint, one dissected limb had an additional infrapatellar branch 
and two limbs had two additional branches. In one limb, only the proximal segment 
of the infrapatellar branch was identified because this person had undergone a 
saphenous vein stripping procedure. 

Statistical analysis 
We identified 3 groups: (1) distal branching pattern, up to 10 cm proximal of the 
knee joint; (2) middle branching pattern, between 10 and 20 cm of the knee joint; (3) 
proximal branching pattern, more than 20 cm proximal to the knee joint. We report 
the distance between the knee joint and the infrapatellar branch branching point in 
mean distance within the proximal, middle, and distal groups. Four legs were cut 
close, but just distal, to the groin, after the separation of the infrapatellar branch. 
We grouped them into the proximal group, but we excluded them from the analysis 
of mean difference, since we could not determine a reliable branch point. One of 
the legs was cut 18 cm proximal to the knee joint. We could not reliably determine 
if this was a middle or proximal branch and therefore excluded this leg from the 
analysis. At the level of the knee joint, we divided the horizontal distance between 
the medial border of the patellar apex and the semitendinosus tendon in thirds: 
anterior, middle, and posterior. We report the distance between the medial border 
of the patellar apex to the infrapatellar branch and the saphenous nerve in mean 
distance in the anterior, middle, and posterior third. 

RESULTS 

Where does the infrapatellar nerve come off the saphenous nerve? 
Out of a total of 23 infrapatellar branches, the “distal branch” group included 10 
branches that came off from the saphenous nerve between 0-10 cm proximal to 
the knee joint. In the “middle branch” group (10-20 cm proximal to the knee), three 
infrapatellar branches were identified. Nine branches were identified in the “proximal 
branch” group (infrapatellar nerves branching of >20 cm proximal to the knee joint). 
One infrapatellar branch could not be categorized because this specific leg was cut 
18 cm proximal to the knee, and at this point, the infrapatellar branch was already 
separated from the saphenous nerve. (Table 1).
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Group Number Mean (cm)

Distal (0-10 cm) 10 4.6

Middle (10-20 cm) 3 13.3

Proximal (> 20 cm) 9 29.8

Not grouped 1 N/A

Table 1 Distance of branching off. The infrapatellar branches are grouped based on distance of branching 
off from the saphenous nerve relative to the knee joint.

Where do the infrapatellar branches and saphenous nerves cross 
the knee? 
Five infrapatellar branches crossed the joint in the anterior one-third of the line 
between the two Kirschner wires used to mark the knee joint, 15 branches in the 
middle one-third, and two in the posterior one-third (Table 2). 

Group IPB (N) IPB mean (mm) SN (N) SN mean (mm)

Anterior one-third 5 34 0 N/A

Middle one-third 15 70.7 5 73

Posterior one-third 2 110 13 111.5

Not grouped 1 N/A 0 N/A

Total 23 65.9 18 100.8

Table 2 Position of infrapatellar branches (IPB) and saphenous nerves (SN) crossing the knee joint. An 
imaginary line between the medial patella and semitendinosus tendon is drawn and split in three. The 
infrapatellar branches and saphenous nerves are grouped by segment in which the knee joint is passed. 
The means represent the average distances between the medial border of the patellar apex and the 
infrapatellar branches or saphenous nerves.

A total of 13 of the 18 saphenous nerves crossed the knee joint in the posterior 
one-third and five in the middle one-third of this line (Table 3).

Horizontal distance Mean (mm) SD (mm) Range (mm) Number

Medial patella - infrapatellar branch 65.9 26.9 10-115 22

Medial patella - saphenous nerve 100.8 26.5 45-150 18

Medial patella - semitendinosus tendon 138.3 21.8 110-190 18

Table 3 Mean horizontal distances at the level of the knee joint from the medial border of the patellar apex 
to the infrapatellar branches, to the saphenous nerves, and to the semitendinosus tendons.
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DISCUSSION 

The saphenous nerve and the infrapatellar branch are prone to nerve damage after 
surgery or trauma, specifically due to anterior cruciate ligament reconstructions 
and open tibial fracture, possibly resulting in debilitating neuropathic pain.3,4 We 
noticed that the courses of the saphenous nerve and the infrapatellar branch are 
inconsistent. A better understanding of the origin of the infrapatellar branch can be 
helpful with patient selection for nerve blocks and surgical denervation. The results 
demonstrated that the branching off point of the infrapatellar branch was highly 
variable as was the location where it passed the knee joint. The course of the 
saphenous nerve is more consistent, and the nerve passes the knee joint near the 
semitendinosus tendon. We propose a more proximal diagnostic ultrasound-guided 
nerve block to better localize the origin of the infrapatellar branch. Future clinical 
studies will be necessary to validate this diagnostic nerve block and determine if it 
improves patient reported outcome after denervation.

Limitations 
This anatomical study has several limitations. First, the availability of donor limbs for 
this study was limited; as a result, rare anatomical variations may have been missed. 
However, we already identified a high variability in our sample and do not suspect 
that this will change much by increasing the sample size. A larger sample size might 
increase precision within the different categories identified. Secondly, five legs were 
cut distal to the groin, after the separation of the infrapatellar branch. Therefore, 
one branch could not be grouped, and the other branches were grouped in the 
proximal group (>20 cm). Our sample size is too small for multiple imputation – the 
ideal method to handle the missing date. Therefore, we decided to omit the 5 legs 
which were cut distal to the groin and in which no reliable point of branching could 
be determined from the mean distance analysis. Lastly, because several specimens 
were cut off distal to the groin, we could not account for total leg length. A total of 
10 cm proximal to the knee joint is arbitrary and might have different implications in 
short compared to long legs. However, our proposed diagnostic nerve block does 
not change because of person-to-person variation. 

Where does the infrapatellar branch come off the saphenous nerve? 
There seems to be no clear pattern in the location where the infrapatellar nerve 
branches off from the saphenous nerve. In our study, 10/23 infrapatellar branches 
branched off between 0-10 cm proximal to the knee joint, 3/23 between 10-20 cm, 
and 9/23 >20 cm. An anatomical study in 22 cadaveric limbs conducted by Vanamala 
et al., concluded that all infrapatellar separations were found in the distal or middle 
one-third of the adductor canal.9 These distal 2/3rds of the canal are located between 
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0-20 cm proximal to the knee joint. This differs from our study in which nine of the 
branches were bifurcated >20 cm proximal to the knee. However, both studies show 
that the location of the bifurcation differs, and anatomical variations are common. 
This complicates both diagnostic nerve blocks and surgical denervation. Instead 
of the diagnostic nerve block used in current clinic, we propose a more proximal 
ultrasound-guided saphenous diagnostic nerve block at the border of the proximal 
and middle third of the leg. In case this block is effective the infrapatellar branch, 
or branches, come off in the middle or distal segment; if the block is ineffective, 
then the branch, or branches, separate in the proximal third of the upper leg. After 
the diagnostic nerve block, and ineffective non-operative therapy, the surgeon 
can offer an attempt at denervation. Proximally, we found that several infrapatellar 
branches came off the saphenous nerve posterior to the inguinal ligament, making 
it a difficult denervation. It is important to keep in mind that this proximal diagnostic 
nerve block does not account for multiple branches. We found two infrapatellar 
branches in 1/23 dissected limbs and three in 2/23 limbs. Walshaw et al. found a 
higher prevalence of multiple saphenous branches: two branches in 8/25 dissected 
specimens and three branches in 6/25.10 This suggests a high potential failure rate 
of denervation – this is something to counsel every patient considering denervation 
on. Future study should determine whether the proposed diagnostic nerve block 
really enhances the successful denervation.  

Where do the infrapatellar branch and saphenous nerves cross the 
knee? 
In our study, the location of the infrapatellar branch crossing the knee joint was 
highly variable. At the level of the knee joint, only 2/23 infrapatellar branches crossed 
the joint in the posterior one-third. The mean horizontal distance from the medial 
border of the patella apex to the infrapatellar branch was 6.6 cm (range 1.0 to 11.5 
cm). Ebraheim et al. examined the course of the infrapatellar branch in 28 limbs and 
found an average horizontal distance from the patellar apex to the branch of 6.7 cm 
with values ranging from 3.4 to 10.5 cm.2 Henry et al. measured the same distance 
in 200 cadaveric limbs and found a mean of 4.6 cm.11 Mochida et al. dissected 129 
knees and found a mean of 4.4 cm with values ranging from 1.2 to 9.0 cm.12 These 
studies and ours confirm a highly variable course of the infrapatellar branch near 
the knee joint. Regarding the saphenous nerve, our results show that the course 
around the knee joint was less variable than the infrapatellar branch. Most of the 
nerves (13/18) crossed the imaginary horizontal line, between the patellar apex and 
the semitendinosus tendons, in the posterior third. The mean horizontal distance 
from the semitendinosus tendon to the saphenous nerve, at the level of the knee 
joint, was 3.8 cm (range 1.0 to 6.5 cm). Dunaway et al. evaluated 100 knee MRIs 
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to evaluate the same parameter and found a shorter mean distance of 1.5 (range 
0.5 to 3.0 cm).13 This difference might be explained by the different methods used 
(cadavers vs. MRI). These results do indicate that most of the saphenous nerves 
cross the knee joint in the posterior part, which is consistent with our findings. 
The anatomic variance of the infrapatellar branch in particular seems to make it 
unlikely that we can identify reliable anatomic safe zones. This explains the high 
iatrogenic injury rate. Surgeons should be careful during any procedure on the 
medial side of the knee. Also, we have learned from this that denervation at this 
level will be less successful due to the anatomical variation. 

CONCLUSION 

The origin of the infrapatellar branch from the saphenous nerve is highly variable, 
as well as where the infrapatellar branch passes the knee joint. This high variability, 
and the fact that some people have multiple infrapatellar branches, may help explain 
why denervation of the infrapatellar branch or the saphenous nerve is frequently 
unsuccessful. Based on the anatomical findings presented, we propose a more 
proximal diagnostic ultrasound-guided nerve block to help differentiate between 
a distal and middle, or proximal origin of the infrapatellar branch. This diagnostic 
nerve block might improve the decision if surgical denervation is a potential 
treatment option. 
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ABSTRACT 

Residual limb pain (RLP) and symptomatic neuromas are common complications of 
upper extremity amputation. There is disagreement in the literature about their true 
prevalence. This systematic review and meta-analysis of the prevalence of RLP and 
symptomatic neuroma after upper extremity amputation identified relevant studies 
published between 2000 and 2022 in PubMed, Cochrane and Embase. Random-
effects meta-analyses of proportions were performed to determine the prevalence of 
RLP and symptomatic neuromas. Subgroups were identified and analysed. For RLP, 
the pooled prevalence was 58% (95% CI: 46 to 68). For symptomatic neuromas, the 
pooled prevalence was 22% (95% CI: 11 to 40). RLP was reported less frequently 
in Europe than in the United States. Knowledge and awareness are important for 
appropriate treatment and prevention. 
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INTRODUCTION 

Residual limb pain (RLP), also known as stump pain, is defined as pain coming 
from the remaining part of an amputated limb.1 Phantom limb pain is generally 
different and is characterized as painful sensations from the missing part of the 
amputated limb. Both pain conditions are common complications following limb 
amputation.2 RLP can result from a variety of somatic and neuropathic causes and 
is therefore a general term. Somatic RLP can be caused by wound or prosthesis-
related problems, osteogenic or vascular dysfunction, and infection.3 Neuropathic 
RLP can be caused by a neuroma or an entrapped nerve, and it can also occur in 
patients with complex regional pain syndrome (CRPS), a condition where no specific 
affected nerve can be identified as the cause.3

A neuroma can develop at the severed end of a nerve severed in an amputation. 
As a result of axonal nerve injury, an inflammatory state and aberrant regeneration 
culminate in neuroma formation.1 The majority of neuromas are asymptomatic, but 
some patients experience severe pain. Other physical symptoms include motor or 
sensory dysfunction, which may present as hypoesthesia, dysesthesia, paresthesia, 
hyperalgesia, and anaesthesia in the affected nerve region.4 The pain is described 
as sharp and burning, and a positive Tinel's sign can help diagnose a neuroma.5 
Individuals with symptomatic neuromas are impaired in their daily activities, which 
negatively affects their quality of life.6,7

According to our previous research, the prevalence of RLP and symptomatic 
neuromas in patients after lower extremity amputation is 59% (95% CI: 51 to 67) 
and 15% (95% CI: 7 to 28), respectively.8 Upper and lower extremity amputations are 
difficult to compare due to differences in function, weight bearing, anatomical nerve 
locations, and prosthesis types. Unlike lower extremity amputations, ones in the 
upper extremity often result from an injury in young and healthy individuals. Lower 
extremity amputations are more often indicated in the elderly due to peripheral 
vascular disease. There is disagreement in the literature about the true prevalence 
of RLP and symptomatic neuromas after upper extremity amputation, and general 
practitioners often underestimate the prevalence.9 Both conditions are treatable, 
and greater medical awareness should be increased. This systematic review and 
meta-analysis provide a comprehensive overview of the literature on the prevalence 
of RLP and symptomatic neuromas after upper extremity amputation. 
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METHODS 

In October 2022, we systematically searched PubMed, Cochrane, and Embase 
databases according to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses.10 A search string was constructed using the search terms related 
to “amputation”, “residual limb pain”, and “neuroma”. Appendix S1 provides the 
exact search syntaxes for each database. Articles were assessed for relevance 
by three independent researchers. All studies reporting the prevalence of RLP 
or symptomatic neuroma in patients, aged ≥ 18 years who had undergone upper 
extremity amputation were included. Interventional cohort studies, animal studies, 
studies published before 2000, articles in languages other than English, Dutch, or 
German, and studies with a sample size smaller than 20 patients or a mean follow-
up of less than 6 months were excluded. In addition, studies for which the full text 
was not available and and those with duplicate data were excluded. Studies on SP 
were interpreted as RLP and identified as such.

Data extraction 
The following data were extracted using a standardized form: title, authors, year 
of publication, study design, country, sample size, mean age of participants, 
sex distribution, follow-up time, reason for amputation, level of amputation, 
method of data collection, and prevalence of RLP and symptomatic neuromas. 
Any uncertainties were resolved by discussion between the authors. 

Quality assessment 
The risk of bias of the included studies was assessed using a tool based on 
a modified version of the Newcastle-Ottawa scale used in other prevalence 
systematic reviews and meta-analyses.11–14 Articles were assessed for quality in 
terms of representativeness, sample size, comparability between respondents and 
non-respondents, outcome ascertainment, and descriptive statistics. Studies were 
classified as low risk of bias (≥3 points) or high risk of bias (<3 points). The modified 
Newcastle-Ottawa scoring guide is shown in Appendix S2.

Statistical analysis 
Random-effects meta-analyses of proportions were performed on all included 
studies to quantify the prevalence of RLP and symptomatic neuromas after upper 
extremity amputation. RLP and SP were considered similar and the results were 
combined under RLP. Forest plots were constructed to visualize heterogeneity 
between studies. Subgroup analyses were performed using logistic regression 
analysis with random-effects models. Studies were grouped according to the 
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characteristics age (>50 years versus ≤50 years), geographic location (Europe 
versus United States), reason for amputation, data collection method (interview 
vs. self-administered questionnaire), and follow-up period (>10 years versus ≤10 
years). In the subgroup analysis of reason for amputation, the prevalence of RLP 
was compared in studies of trauma patients (including war injuries) with studies of 
other amputation aetiologies. Subgroup analyses were performed whenever more 
than 10 studies were included in the meta-analyses, because smaller samples 
may lead to biased results due to a higher incidence of false-positive differences.15

RESULTS 

After removing duplicates, a total of 1585 published articles were identified. After 
title/abstract screening, 105 full-text articles were assessed, and 16 studies (1777 
patients from nine different countries) were included, of which 14 had a cross-
sectional design and two a retrospective design (Figure 1). The studies included 
between 22 and 808 patients, with a mean of 118. Thirteen studies reported the 
prevalence of RLP, two studies reported the prevalence of symptomatic neuroma, 
and one reported both prevalences. Most studies determined the prevalence by 
a dichotomous question of presence or absence. Five of the RLP articles also 
reported the severity using a numeric rating scale, the pooled mean of which was 
4.5 on a scale of 0-10, with scores ranging from 3.2 to 5.1. Two studies used medical 
records to determine prevalence, six used face-to-face or telephone interviews, 
and eight used self-administered questionnaires to collect the data. Five studies 
reported the specific type of prosthesis used, with the majority of participants using 
either cosmetic or body-powered prostheses. The quality assessment indicated 
that seven studies had a high risk of bias, while nine studies had a low risk of bias 
(Table 1). A detailed overview of the quality assessment of all individual studies is 
provided in Online Table S1. 
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Figure 1 Flowchart systematic literature search
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Author Year Country Study design Patients, 
N

Age, y Men, N 
(%)

Follow-
up, y

Bouteille 2022 France Retrospective 33 Mean: 54.8 27 (82) Minimum: 
0.5

Datta 2004 England Cross-
sectional

60 Mean: 58.1 48 (80) Mean: 34

De Lange 2022 The 
Netherlands

Cross-
sectional

50 Mean: 51.7 49 (98) Mean 
(range): 3.7 
(2.1-8.1)

Desmond 2010 Ireland Cross-
sectional

141 Mean (SD): 
74.8 (11.4)

139 (99) Mean (SD): 
50.1 (13.5)

Ebrahimzadeh 2006 Iran Cross-
sectional

25 Mean: 41.6 NR Mean: 18.5

EphraimA 2005 United 
States

Cross-
sectional

100 Mean (SD): 
50.3 (13.3)

552 (60) Median 
(range): 4 
(0-66)

Fraser 2001 England Cross-
sectional

76 Mean (SD): 
55 (15)

64 (82) Mean (SD): 
25 (18)

Guo 2019 China Cross-
sectional

22 Mean (SD): 
52.3 (8.0)

16 (73) Mean (SD): 
23.7 (13.7)

Hanley 2009 United 
States

Cross-
sectional

104 Mean (SD): 
46.9 (14.2)

75 (72) Median 
(SD) 7.0 
(11.5)

Kooijman 2000 The 
Netherlands

Cross-
sectional

72 Median 
(IQR): 44.2 
(35.2-65)

57 (79) Median 
(IQR): 19.1 
(6.4-32.1)

Lacoux 2002 Sierra Leone Cross-
sectional

40 Mean 
(range): 
39.3 (16-68)

32 (80) Mean 
(range): 22 
(10-48)

Lans 2020 United 
States

Retrospective 142 Mean (SD): 
49.0 (15.9)

91 (64) Mean (SD): 
4.8 (4.2)

O'brien 2020 United 
States

Cross-
sectional

55 Median 
(IQR): 51 
(41-61)

39 (71) Minimum: 
0.5

ReiberB 2010 United 
States

Cross-
sectional

97 Mean (SD): 
44.8 (15.8)

93 (96) Mean (SD): 
21.3 (18.0)

Resnik 2019 United 
States

Cross-
sectional

808 Mean (SD): 
63.3 (14.1)

787 (96) Mean (SD): 
31.4 (18.3)

Schley 2008 Germany Cross-
sectional

65 Mean 
(range): 45 
(18-80)

60 (92) Median 
(range) 3.2 
(0.9-3.8)
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Author Reason for 
amputationC

Amputation 
levelD

Data 
collection 
method

Prosthesis 
use, N (%)

RLP 
prevalence
(95% CI's)E

Neuroma 
prevalence
(95% CI's)E

Risk 
of 
bias

Bouteille I, M, T H Medical 
records

NR   36 (20 to 
55)

High

Datta C, I, M, P, 
T, V

TE, AE Self-
administered 
questionnaire

43 (72) 48 (35 to 
62)

  High

De Lange T H Self-
administered 
questionnaire

NR 32 (20 to 
47)

  High

Desmond M, NS, T, 
WI

H, BE, TE, 
AE

Self-
administered 
questionnaire

101 (72) 55 (47 to 
64)

  Low

Ebrahimzadeh WI BE, TAE Interview NR 24 (9 to 
45)

  High

EphraimA M, T, V BE, AE Interview 745 (82) 66 (56 to 
75)

  Low

Fraser NS H, BE, AE Interview 46 (61) 55 (43 to 
67)

  High

Guo T H, BE, AE Interview 4 (18) 41 (21 to 
64)

  High

Hanley C, I, NS, 
T, V

H, BE, TE, 
AE

Self-
administered 
questionnaire

59 (57) 71 (61 to 
80)

  Low

Kooijman I, M, P, T, V BE, TE, AE Self-
administered 
questionnaire

58 (81) 49 (37 to 
61)

  Low

Lacoux WI BE, AE Interview NR 100 (91 to 
100)

30 (17 to 
47)

High

Lans I, M, NS, 
T, V

H, BE, AE Medical 
records

NR   10 (5 to 16) Low

O'brien I, M, NS, T, 
V, WI

BE, AE Self-
administered 
questionnaire

NR 64 (50 to 
76)

  Low

ReiberB WI H, BE, TE, 
AE

Self-
administered 
questionnaire

71 (73) 51 (40 to 
61)

  Low

Resnik B, D, I, M, 
NS, T, WI

H, BE, TE, 
AE

Interview 490 (61) 65 (62 to 
69)

  Low

Schley T H, BE, AE Self-
administered 
questionnaire

0 (0) 62 (49 to 
73)

  Low

A age, sex, follow-up and prosthesis use from cohort of upper and lower extremity amputees combined
B follow-up from cohort of upper and lower extremity amputees combined
C B: burn; C: congenital; D: diabetes; I: infection; M: malignancy; NS: not specified; P: paralysis of arm; T: 
trauma; V: vascular; WI: war injury
D H: hand; BE: below elbow; TE: through elbow; AE: above elbow
E 95% Confidence Interval (CI) not presented in articles but calculated from sample size and prevalence 
estimate
Table 1A+B Overview of included studies.
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RLP prevalence 
The prevalence of RLP reported in the included studies ranged from 24% to 100% 
(Figure 2). The pooled prevalence in this meta-analysis was 58% (95% CI: 46 to 
68) with high heterogeneity between studies (I2 = 77%, p < 0.001).

Figure 2 Forest plot prevalence of RLP

Only the subgroup analysis of the characteristic geographic location (p=0.004) 
showed a significant difference (Table 2). Studies conducted in the United States 
showed a pooled prevalence of 64% (95% CI: 58.1 to 69.0) compared with 51% 
(95% CI: 44.3 to 57.6) for European studies. No statistically significant differences 
were found within the subgroups of age (p=0.67), reason for amputation (p=0.92), 
data collection method (p=0.50), and follow-up period (p=0.83). Studies with a 
mean age of more than 50 years showed a pooled RLP prevalence of 56% (95% 
CI: 48.3 to 63.8) compared with 62% (95% CI: 35.7 to 83.0) for studies with a mean 
age of 50 years or less. The pooled RLP prevalence of studies with only traumatic 
reasons for amputation was 59% (95% CI: 25.6 to 85.5) and 61% (95% CI: 54.6 to 
66.3) for studies with other reasons for amputation. Studies using interviews for data 
collection showed a pooled prevalence of 66% (95% CI: 33.8 to 87.7) compared 
with 55% (95% CI: 46.7 to 62.0) for studies using self-administered questionnaires. 
The pooled prevalence of RLP was 57% (95% CI: 39.3 to 73.8) for studies with a 
follow-up of more than 10 years and 60% (95% CI: 47.4 to 70.9) for studies with 
a follow-up of 10 years or less. The studies with more than 10 years of follow-up 
had a mean follow-up period of 31 years, whereas the studies with a follow-up of 
10 years or less had a mean follow-up period of 4.8 years. It was not possible to 
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perform a subgroup analysis for amputation level because there were not enough 
studies with a specific amputation level. 

Variable N studies Prevalence % 95% CI p-valueA

Age 0.67

   >50 7 56.2 48.3 to 63.8

   ≤50 7 62.3 35.7 to 83.0

Population 0.004

   America 5 63.7 58.1 to 69.0

   Europe 6 51 44.3 to 57.6

Reason for amputation 0.92

   Trauma only 6 58.7 25.6 to 85.5

   Miscellaneous 7 60.6 54.6 to 66.3

Data collection method 0.50

   Interview 6 65.6 33.8 to 87.7

   Self-administered questionnaire 8 54.4 46.7 to 62.0

Follow-up period 0.83

   >10 9 57.4 39.3 to 73.8

   ≤10 5 59.8 47.7 to 70.9
A calculated by logistic regression analysis using random effects models
Table 2 Subgroup analysis RLP prevalence studies

Prevalence symptomatic neuroma 
The prevalence of symptomatic neuroma reported in the included studies ranged 
from 10% to 36% (Figure 3). The pooled prevalence in this meta-analysis was 22% 
(95% CI: 11 to 40), with high heterogeneity between studies (I2 = 88%, p < 0.001). 
A subgroup analysis of symptomatic neuroma prevalence studies could not be 
performed due to the small number of included studies.

Figure 3 Forest plot prevalence of symptomatic neuroma
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DISCUSSION 

The prevalence of RLP varies widely across the included studies with rates ranging 
from 24% to 100%. The highest RLP prevalence was observed in a cohort of 40 
individuals after amputations caused by intentionally inflicted injuries during civil 
war in Sierra Leone 16. By structured interviews, participants were asked if they 
had experienced RLP within the month preceding the interview. This may have 
resulted in a greater prevalence compared to studies that reported pain at the 
present time. The two studies reporting the most widely differing prevalences of 
neuroma occurrence were Lans et al. (10%) and Bouteille et al. (36%).17,18 Lans et 
al. handled nerve ends during amputation either by transection alone or additional 
injection of local analgesics, tying off or clipping the nerve end, traction neurectomy, 
or nerve end implantation into adjacent bone, muscle, or soft tissue.17 The patients 
of Bouteille et al. had no additional nerve treatment.18

In our subgroup analyses, the prevalence of RLP was lower in studies conducted 
in Europe than in those in the United States. Healthcare system differences, 
rehabilitation approaches, variations in prosthetic technology, and cultural 
perspectives towards pain make direct comparison between continents difficult. 
Socioeconomic factors, such as access to healthcare and prosthetic services, 
further complicate analysis. These influences make it challenging to isolate specific 
factors causing the differences in reported RLP prevalence between continents, 
necessitating cautious interpretation. The European studies lack homogeneity in 
their representation compared to those in the United States. Due to the exclusion 
of studies published in languages other than English, Dutch, and German, certain 
European studies might have been lost. 

According to our subgroup analyses, there is no correlation between age, reason for 
amputation, data collection method, or follow-up period and a greater prevalence of 
RLP. This implies that physicians should be aware of RLP following upper extremity 
amputations in all patients, regardless of age, length of follow-up, or primary reason 
for amputation. The subgroup analysis evaluated studies with a follow-up of more 
than 10 years compared to 10 years or less. A more clinically relevant comparison 
would be a threshold of two years, since patients experience changes in nerve 
regeneration and physical adaptation during this early period. A threshold of two 
years would more accurately represent the difference in RLP prevalence between 
the early and late stages after amputation. However, due to the limited number of 
studies that examined a follow-up period shorter than this limit, it was not feasible 
to apply this criterion. 

Although a higher RLP prevalence may be expected after lower extremity 
amputations due to the weightbearing nature, the data indicate that the prevalences 
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are comparable for upper and lower extremities, with incidences of 58% and 59% 
(95% CI: 51 to 67).8,19 A systematic review on the prevalence of RLP in military 
personnel after combat-related amputation reported a pooled prevalence of 61%.20 
Our calculated prevalence is comparable to their review, which included individuals 
with both upper and lower extremity amputations caused by trauma. This implies 
that the aetiology may not have a major impact on the development of RLP. This 
is consistent with our subgroup analysis, which found no statistically significant 
differences in the pooled RLP prevalence between studies on traumatic compared 
to miscellaneous other aetiologies. A comparison between cohorts with traumatic 
patients compared to oncological or infectious aetiologies might reveal a difference 
in prevalence. However, this analysis could not be conducted due to the absence 
of studies specifically examining these aetiologies. Evans et al. performed a 
systematic review on the prevalence of RLP in patients with amputations resulting 
from all possible causes, which also included lower extremity amputation and 
mixed cohorts, but only included prospective studies, and was mostly focused on 
interventional cohorts.21 During our literature search, we only included the control 
groups of the interventional studies. Evans et al. report pooled RLP prevalence at 1 
week, 1 month, 3 months, 6 months, 1 year, and 2 years after surgery, which were 
50%, 11%, 23%, 27%, 22%, and 24% respectively.21 For our literature search, a 
minimum follow-up period of 6 months was applied, and the pooled prevalence was 
58%. This notable difference in prevalence may be attributable to the interventions 
performed and emphasizes the need of such therapies in preventing RLP.

Our study was limited by the small number of included studies on symptomatic 
neuromas. Only three articles were included in the meta-analysis, and it was not 
possible to perform neuroma subgroup analyses. Other interesting risk factors such 
as sex and level of amputation were not examined due to the absence of specific 
data. Subgroup analysis indicated higher RLP prevalence in studies conducted 
within the United States in comparison to Europe. Careful interpretation is necessary 
due to data coming from studies that were not comparative between countries, 
possibly causing reporting bias.22 Notably, there was high heterogeneity among 
the included studies. The articles had different research designs, and methods for 
data collection. The reported prevalences were mostly based on a binary question 
regarding presence or absence of RLP without relation to a pain rating, resulting 
in an undefined clinical impact. Also, included studies used different approaches 
for data collection. Interviews in person or by telephone are more likely to result 
in more accurate prevalence than self-administered questionnaires because the 
interviewer can draw clearer distinctions regarding relevance. 

This review revealed a high prevalence of RLP and symptomatic neuromas, 
highlighting the noteworthy impact of these conditions on patients' quality of life. 
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It also highlights the need to implement effective postoperative pain management 
interventions tailored to the individual needs of each patient. Surgeons can use this 
prevalence data to inform patients about possible outcomes after amputation, set 
realistic expectations, and develop individual treatment strategies with the aim of 
minimizing discomfort and improving functional outcomes. Continued research and 
advancement in surgical techniques and prosthetic development will likely improve 
patient outcomes and reduce the impact of RLP and symptomatic neuromas 
after upper extremity amputation. Knowledge and awareness about RLP and 
symptomatic neuroma are important for adequate treatment and prevention aimed 
at increasing functionality and a better quality of life for upper extremity amputees. 
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SUPPLEMENTARY MATERIAL 

Appendix S1 Search syntaxes for PubMed and Embase
Pubmed: 
(amput*[Title/Abstract] OR disarticulation*[Title/Abstract] OR exarticulation*[Title/
Abstract] OR postamputation*[Title/Abstract] OR post amputation*[Title/Abstract] 
OR limb loss*[Title/Abstract] OR amputation[MeSH Terms] OR amputation 
stumps[MeSH Terms] OR disarticulation[MeSH Terms]) AND (“stump pain”[Title/
Abstract] OR neuroma*[Title/Abstract] OR “stump neuralgia”[Title/Abstract] OR 
“neuropathic pain”[Title/Abstract] OR “residual limb pain”[Title/Abstract] OR 
“postamputation pain”[Title/Abstract] OR “pain after amputation”[Title/Abstract] 
OR neuroma[MeSH Terms]) 

Embase: 
(‘amput*’:ti,ab,kw OR ‘disarticulation*’:ti,ab,kw OR ‘exarticulation*’:ti,ab,kw OR 
‘postamputation*’:ti,ab,kw OR ‘post amputation*’:ti,ab,kw OR ‘limb loss*’:ti,ab,kw 
OR 'amputation'/exp) AND (‘stump pain’:ti,ab,kw OR ‘neuroma*’:ti,ab,kw OR ‘stump 
neuralgia’:ti,ab,kw OR ‘neuropathic pain’:ti,ab,kw OR ‘residual limb pain’:ti,ab,kw OR 
‘postamputation pain’:ti,ab,kw OR ‘pain after amputation’:ti,ab,kw OR 'neuroma'/exp) 

Cochrane 
(amput*):ti,ab,kw OR (disarticulation*):ti,ab,kw OR (exarticulation*):ti,ab,kw OR 
(postamputation*):ti,ab,kw OR (post amputation*):ti,ab,kw OR (limb loss*):ti,ab,kw 
OR MeSH descriptor: [Amputation, Surgical] explode all trees AND (stump 
pain):ti,ab,kw OR (neuroma*):ti,ab,kw OR (stump neuralgia):ti,ab,kw OR (neuropathic 
pain):ti,ab,kw OR (residual limb pain):ti,ab,kw OR (postamputation pain):ti,ab,kw OR 
(pain after amputation):ti,ab,kw OR MeSH descriptor: [Neuroma] explode all trees 
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Appendix S2 Modified Newcastle-Ottawa scoring guide
1.	 Representativeness of the sample: 

1 point: Population contained multiple reasons and levels* of amputations. 

0 points: Population contained either a single reason, a single level of 
amputation, or both. 

2.	 Sample size: 
1 point: Sample size was ≥100 participants. 

0 points: Sample size was <100 participants. 

3.	 Non-respondents Comparability: 
1 point: Comparability between respondent and non-respondent characteristics 
was established, or the response “rate” was 80% or greater. 

0 points: The comparability between respondents and non-respondents 
was unsatisfactory, the response “rate” was unsatisfactory, or there was no 
description of the response “rate” or the characteristics of the responders or 
non-responders." 

4.	 Ascertainment of RLP/SP/Neuroma: 
1 point: Well described and/or validated measurement tool. 

0 points: Poorly described measurement tool of uncertain validity or non-
validated single-question screening tool. 

5.	 Quality of descriptive statistics reporting: 
1 point: Reported descriptive statistics to describe the population (e.g., age, sex, 
follow up) with at least 2 proper measures of dispersion (e.g., mean, standard 
deviation, range). 

0 points: Descriptive statistics were not reported, were incomplete, or did not 
include proper measures of dispersion. 

The quality assessment tool is used to assess articles on their quality in terms of 
representativeness, sample size, comparability between respondents and non-
respondents, outcome ascertainment and descriptive statistics. The scores range 
from 0-5 and the studies are classified as low risk of bias (≥3 points) or high risk 
of bias (<3 points). 

* Levels of amputation: Shoulder, above elbow, elbow, below elbow, wrist, below 
wrist. 
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Online Table S1 Complete quality assessment 

Study Representativeness Sample size Comparability Outcome Statistics Total

Bouteille 0 0 0 1 0 1

Datta 1 0 0 0 0 1

De Lange 0 0 0 0 1 1

Desmond 1 1 0 1 1 4

Ebrahimzadeh 0 0 0 1 0 1

Ephraim 1 1 0 1 1 4

Fraser 0 0 0 1 1 2

Guo 0 0 0 1 1 2

Hanley 1 1 0 1 1 4

Kooijman 1 0 1 1 1 4

Lacoux 0 0 0 1 1 2

Lans 1 1 0 1 1 4

O'brien 1 0 0 1 1 3

Reiber 0 1 0 1 1 3

Resnik 1 1 0 1 1 4

Schley 1 0 1 1 1 4
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ABSTRACT 

Background 
Residual Limb Pain (RLP) is associated with (partial) extremity amputations and is 
defined as pain felt in the remaining part of the amputated limb. A common cause of 
RLP is neuroma formation after nerve transections. Neuromas can be very painful 
and severely debilitating pathologies, preventing prosthetic use, reducing quality 
of life and requiring medication. Residual limb pain and symptomatic neuromas are 
often not properly recognized by physicians explaining the varying prevalence in the 
literature. This systematic review and meta-analysis aim to provide a comprehensive 
overview of published literature on the prevalence of RLP and symptomatic neuroma 
after lower extremity amputation. 

Methods 
Studies reporting the prevalence of RLP and symptomatic neuroma pain in patients 
who have had a lower extremity amputation published between 2000 and 2020 were 
identified in PubMed and Embase. Random-effects meta-analyses of proportions 
were performed to quantify the prevalence of RLP and symptomatic neuroma. 
Subgroups were identified and analysed. 

Results 
For RLP, the pooled prevalence was 59% (95% CI: 51-67). For symptomatic 
neuromas, the pooled prevalence was 15% (95% CI: 7-28). Residual limb pain 
subgroup analysis showed statistically significant higher prevalence in patients 
aged >50 years, follow-up >2 years, and in studies using a self-administered 
questionnaire for data collection. 

Conclusion 
The prevalence of RLP and symptomatic neuroma in patients who have had a 
lower extremity amputation is 59% and 15%, respectively. Knowledge of their high 
prevalence may result in better awareness among physicians, in turn providing 
timely and adequate management. 
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INTRODUCTION 

Residual Limb Pain (RLP) is one of the chronic complications associated with 
amputations and is defined as pain felt in the remaining part of the amputated 
limb.1 Pain perceived as stemming from the missing portion of the limb is distinctly 
different from RLP and is known as Phantom Limb Pain (PLP).2 Residual limb 
pain has multiple etiologies and is therefore used as a collective term comprising 
both somatic and neuropathic pain in the stump, with possible overlaps. Somatic 
pain is commonly caused by infection, vascular insufficiency, bone spur formation, 
inadequate wound closure, unstable scar, and soft tissue inflammation, inhibiting 
adequate prosthetic use.3 Neuropathic RLP can often be attributed to underlying 
causes such as a neuroma or a nerve compression but may also present without 
an identifiable pain generator in the context of a complex regional pain syndrome.3 

A neuroma is a benign proliferation of neural tissue that occurs at the end of severed 
nerves. Axonal nerve damage initiates a state of inflammation and abnormal 
regeneration, resulting in a bulbous thickening: the neuroma.1 Neuromas in most 
patients are asymptomatic; however, in some patients, a neuroma can turn into a very 
painful and severely debilitating pathology, preventing prosthetic use and reducing 
the quality of life.4–7 The pain caused by a symptomatic neuroma is described as 
a sharp pain that can be elicited by percussion over the nerve injury area, which 
is referred to as the Tinel sign.8 No studies report the diagnostic sensitivity and 
specificity of this test. Other physical symptoms related to symptomatic neuromas 
are impaired sensory and motor nerve function. Sensory dysfunction presents 
as hypoesthesia, dysesthesia, paresthesia, hyperalgesia, and anesthesia in the 
affected area of the nerve.8,9 The diagnosis of a symptomatic neuroma tends to be 
based on medical history, physical symptoms in combination with the Tinel sign, 
response to diagnostic proximal nerve block, or imaging.8

The reported prevalence of RLP and symptomatic neuroma in patients who had an 
amputation of an extremity varies widely in the literature, and there is uncertainty 
regarding their true rate of prevalence. Furthermore, a study exploring general 
practitioners’ knowledge and understanding of RLP concluded that the prevalence 
rate is underestimated.10 Residual limb pain and symptomatic neuroma in patients 
who have had an amputation of an extremity tend to be underdiagnosed problems, 
although therapeutic options are often available for both conditions.1 Residual limb 
pain differs across upper and lower extremity amputations because of differences in 
terms of function, the anatomical position of affected nerves, and type of prostheses. 
The weight-bearing aspect of the lower extremity plays a major role. By means of a 
systematic review and meta-analysis, this study aims to provide a comprehensive 
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overview of published literature on the prevalence of RLP and neuropathic pain 
caused by symptomatic neuromas after lower limb amputation. 

METHODS 

Literature search 
A systematic literature review was performed in April 2020 searching PubMed and 
Embase databases for published literature. The search was executed in accordance 
with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA).11 A search string was built with the help of a professional librarian using 
search terms related to “Amputation”, “RLP” and “Neuroma”. The exact search 
syntaxes for PubMed and Embase are shown in Supplementary File 1. Articles 
were screened for relevance by 2 independent researchers (E.L. and D.K.). 
All cohort studies reporting the prevalence of RLP or symptomatic neuroma in 
patients, aged ≥ 18 years, who have had lower extremity amputation were included. 
In addition, articles were excluded in case of animal studies, a publication date 
before 2000, articles in any language other than English, Dutch, or German, sample 
sizes smaller than 40 patients, a mean follow-up of less than 6 months, no full-text 
availability, and duplicate data. 

Data extraction 
The following data were extracted using a standardized form: title, authors, year 
of publication, study design, country, sample size, average age of participants, 
sex distribution, follow-up time, reason for amputation, level of amputation, data 
collection method, and RLP and symptomatic neuroma prevalence. Data extraction 
was performed by 2 independent researchers (E.L. and D.K.). Any uncertainties or 
disagreements were resolved by discussion among the authors. 

Quality assessment 
Risk of bias of the included studies was assessed using a tool based on a modified 
version of the Newcastle-Ottawa Scale used in other prevalence systematic 
reviews and meta-analyses.12–15 The articles were assessed for their quality in 
terms of representativeness, sample size, comparability between respondents 
and nonrespondents, outcome ascertainment, and descriptive statistics. Studies 
were classified as a low risk of bias (≥3 points) or high risk of bias (<3 points). 
The modified Newcastle-Ottawa scoring guide is shown in Supplementary File 2.  
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Statistical analysis 
Random-effects meta-analyses of proportions were performed on all included 
studies to quantify the prevalence of RLP and symptomatic neuromas after lower 
extremity amputation. Forest plots were constructed to visualize heterogeneity 
between studies. Subgroup analyses were performed using random-effects models. 
Studies were grouped according to the characteristics age, geographic location, 
reason for amputation, level of amputation, data collection method, and follow-up. 
Subgroup analyses were performed whenever more than 10 studies were included 
for meta-analyses because smaller samples may lead to biased outcomes due to 
higher rates of false positive differences.16 All statistical analyses were performed 
using R version 4.0 (R Core Team, 2020).

RESULTS 

Study characteristics 
After removal of duplicates, a total of 1551 published studies were identified in 
PubMed and Embase databases. Following title/abstract screening for eligibility, 
68 full-text articles were assessed and a total of 24 articles were included (Figure 
1).2,5,7,17–37 Eighteen cross-sectional, 4 retrospective, and 2 prospective studies 
were included. A total of 6716 participants in 13 different countries were identified. 
The mean number of patients per study was 280 with a range from 41 to 1296. 
Seventeen studies reported the prevalence of RLP, 4 studies reported the prevalence 
of symptomatic neuromas, and 3 studies reported both. In 12 articles data were 
collected by self-administered questionnaires, 8 studies interviewed the participants 
face-to-face or by phone, and in the other 4 articles data were obtained through 
medical records. In most studies, the prevalence of RLP and symptomatic neuroma 
was determined by a dichotomous question about the presence or absence of these 
conditions. Seven of the 20 RLP studies assessed the presence as well as severity 
of RLP using a Visual Analog Scale or Numeric Rating Scale. The mean Visual 
Analog Scale or Numeric Rating Scale scores ranged from 2.3 to 5.7 with a pooled 
mean of 4.6 on a scale of 10. Results of the quality assessment showed that 19 
studies were classified as low and 5 as high risk of bias (Table 1). The complete 
quality assessment of individual studies is presented in Supplementary Table 1. 
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Figure 1 Flowchart systematic literature search
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Author Year Country Study 
design

Patients, 
N

Age, y Men, N 
(%)

Follow-up, y

Albino 2014 United 
States

Retro-
spective

41 Mean (range): 
68 (22-99)

18 (44) Mean (range): 
0.85 (0.2-3.7) 

Allami 2019 Iran Cross-
sectional

247 Mean (SD): 
52.4 (7.4)

245 (99.2) Mean (SD): 
29.8 (6.2)

Behr 2009 United 
States

Cross-
sectional

42 Median (SD): 
55.1 (11.0)

35 (83.3) Mean (SD): 
12.4 (14.9)

Desmond 2006 Ireland Cross-
sectional

475 Mean (SD): 
76.7 (9.0)

475 (100) Mean (SD): 
53.3 (9.7)

Ebrahimzadeh 2009 Iran Cross-
sectional

96 Mean (range): 
40.5 (19-82) 

96 (100) Mean (range): 
17.4 (15-22) 

Ehde 2000 United 
States

Cross-
sectional

255 Mean (SD): 
55.1 (14.3)

207 (81) Mean (SD): 
14.2 (15.7)

Ephraim 2005 United 
States

Cross-
sectional

814 Mean (SD): 
50.3 (13.3)

552 (60.4) Median 
(range): 4 
(0-66)

Esfandiari 2018 Iran Cross-
sectional

587 Mean (SD): 43 
(6.5)

587 (100) Mean (SD): 
22 (4.0)

Faraji 2018 Iran Cross-
sectional

100 Mean (SD): 
51.5 (5.5)

97 (97) Mean (SD): 
31.7 (2.7)

Gallagher 2001 Ireland Cross-
sectional

104 Mean (SD): 
45.3 (18.9)

78 (75) Mean (SD): 
8.3 (9.9)A

Hagberg 2001 Sweden Cross-
sectional

97 Mean (range): 
48 (20-69) 

60 (62) Mean (range): 
22 (2-52) 

Hanley 2007 United 
States

Pro-
spective

57 Mean (SD): 
45.2 (12.6)

39 (68) 1

Kelle 2017 Turkey Cross-
sectional

101 Mean (range): 
58.5 (18-85)

78 (77.2) 0.5

Kulkarni 2005 England Cross-
sectional

202 Mean (range): 
48 (20-62)

174 (86.1) Mean (range): 
19 (2-40) 

Morgan 2017 United 
States

Cross-
sectional

1296 Mean (SD): 
54.4 (13.7)

908 (70.2) Mean (SD): 
12.2 (14.1)

Penna 2018 Australia Retro-
spective

96 Median (IQR): 
58.5 (40-70.5)

74 (77.1) 1

Reiber 2010 United 
States

Cross-
sectional

350 Mean (SD): 
44.7 (3.9)

346 (98.9) Mean (SD): 
21.3 (18.0)

Richardson 2006 England Pro-
spective

59 Mean (SD): 
64.3 (10.4)

37 (63.3) 0.5

Rotter 2006 Chile Retro-
spective

100 Mean (range): 
35.5 (17-63)

96 (96) Mean (range): 
7.7 (0.5-28) 

Sin 2013 Singapore Cross-
sectional

49 Mean (SD): 
63.4 (11)

37 (76) Mean (SD): 
1.4 (0.7)

Sinha 2011 India Cross-
sectional

605 Mean (SD): 
43.7 (15.0)

530 (88) Mean (SD): 
9.9 (10.3)

Smith 2007 Ireland Cross-
sectional

107 Mean (SD): 
51.1 (14.3)

88 (82) Mean (SD): 
17 (14.6)

van der 
Schans

2002 The 
Netherlands

Cross-
sectional

437 Mean (SD): 65 
(15)

303 (71) Median 
(range): 10 
(1-80) 

Yasar 2017 Turkey Retro-
spective

399 Mean (SD): 
23.5 (6.0)  

398 (99.7) Mean (SD): 
10.0 (5.7) 
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Author Reason for 
amputation

Amputation
level

Data 
collection 
method

RLP 
prevalence
(95% CI's)C

Neuroma 
prevalence
(95% CI's)C

Risk 
of 
bias

Albino Miscellaneous Through knee Medical 
records

5 (1-17) High

Allami Trauma Below knee Interview 72 (66-78) 11 (7-15) Low
Behr Miscellaneous Miscellaneous Self-

administered 
questionnaire

81 (66-91) Low

Desmond Trauma NR Self-
administered 
questionnaire

79 (75-82) Low

Ebrahimzadeh Trauma Below knee Interview 42 (32-52) 12 (7-21) High
Ehde Miscellaneous Miscellaneous Self-

administered 
questionnaire

74 (68-79) Low

Ephraim Miscellaneous Miscellaneous Interview 68 (64-71) Low
Esfandiari Trauma Miscellaneous Self-

administered 
questionnaire

49 (45-53) Low

Faraji Trauma Above knee Self-
administered 
questionnaireB

88 (80-94) 49 (39-59) Low

Gallagher Miscellaneous Miscellaneous Self-
administered 
questionnaire

51 (40-61) High

Hagberg Miscellaneous Above knee Self-
administered 
questionnaire

36 (27-36) High

Hanley Miscellaneous Miscellaneous Interview 65 (51-77) Low
Kelle Miscellaneous Miscellaneous Interview 27 (18-36) Low
Kulkarni Trauma Miscellaneous Self-

administered 
questionnaire

57 (50-64) Low

Morgan Miscellaneous Miscellaneous Self-
administered 
questionnaire

75 (72-77) Low

Penna Miscellaneous Miscellaneous Medical 
records

4 (1-10) Low

Reiber Trauma Miscellaneous Self-
administered 
questionnaire

57 (52-63) High

Richardson Vascular Miscellaneous Interview 52 (38-66) Low
Rotter Trauma Miscellaneous Medical 

records
12 (6-21) Low

Sin Miscellaneous Miscellaneous Interview 39 (25-54) Low
Sinha Miscellaneous Miscellaneous Interview 28 (24-32) Low
Smith Miscellaneous Miscellaneous Self-

administered 
questionnaire

56 (46-66) Low
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Author Reason for 
amputation

Amputation
level

Data 
collection 
method

RLP 
prevalence
(95% CI's)C

Neuroma 
prevalence
(95% CI's)C

Risk 
of 
bias

van der 
Schans

Miscellaneous Miscellaneous Self-
administered 
questionnaire

68 (63-73) Low

Yasar Trauma Miscellaneous Medical 
records

38 (33-43) Low

A time with prosthesis
B neuroma presence was determined by medical records and physical examination
C 95% Confidence Interval (CI) not presented in articles but calculated from sample size and prevalence 
estimate
Table 1A+B Overview of included studies

Prevalence residual limb pain 
The RLP prevalence reported by the included studies ranged from 27% to 88% 
(Figure 2). The pooled prevalence in this meta-analysis was 59% (95% CI: 51-67), 
with high heterogeneity between studies (I2 = 97%, P < 0.01). 

Study

Pooled prevalence (95% CI)
I2 = 97%, τ2 = 0.5679, p < 0.01

Allami 2019
Behr 2009
Desmond 2006
Ebrahimzadeh 2009
Ehde 2000
Ephraim 2005
Esfandiari 2018
Faraji 2018
Gallagher 2001
Hagberg 2001
Hanley 2007
Kelle 2017
Kulkarni 2005
Morgan 2017
Reiber 2010
Richardson 2006
Sin 2013
Sinha 2011
Smith 2007
van der Schans 2002

Events

179
 34

374
 40

188
552
288
 88
 50
 35
 37
 27

115
969
201
 27
 19

169
 60

255

Total

6004

 247
  42

 475
  96

 255
 814
 587
 100
  99
  96
  57

 101
 202

1296
 350
  52
  49

 604
 107
 375

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Proportion

0.59

0.72
0.81
0.79
0.42
0.74
0.68
0.49
0.88
0.51
0.36
0.65
0.27
0.57
0.75
0.57
0.52
0.39
0.28
0.56
0.68

95%−CI

[0.51; 0.67]

[0.66; 0.78]
[0.66; 0.91]
[0.75; 0.82]
[0.32; 0.52]
[0.68; 0.79]
[0.64; 0.71]
[0.45; 0.53]
[0.80; 0.94]
[0.40; 0.61]
[0.27; 0.47]
[0.51; 0.77]
[0.18; 0.36]
[0.50; 0.64]
[0.72; 0.77]
[0.52; 0.63]
[0.38; 0.66]
[0.25; 0.54]
[0.24; 0.32]
[0.46; 0.66]
[0.63; 0.73]

Figure 2 Forest plot prevalence of residual limb pain

Subgroup analyses of the characteristics age (P=0.006), geographic location 
(P=0.034), data collection method (P=0.038), and average length of follow-up 
(P=0.049) showed significant differences (Table 2). The pooled RLP prevalence 
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of studies with a mean age >50 years was 66.6% (95% CI: 56.1-75.6) compared 
with 47.6% (95% CI: 39.5-55.8) for studies with a mean age <50 years. Studies 
performed in Asian countries showed a pooled prevalence of 50.4% (95% CI: 
32.6-68.1), compared with 58.2% (95% CI: 47.8-67.8) for European, and 69.6% 
(95% CI: 63.6-75.0) for American studies. Studies that used interviews for data 
collection showed that 49.0% (95% CI: 36.6-61.6) of patients experienced RLP vs 
65.5% (95% CI: 56.3-73.6) of patients in studies that made use of self-administered 
questionnaires. The proportion of patients who developed RLP was 62.4% (95% CI: 
53.5-70.6) in the 4 studies with a follow-up >2 years vs 44.8% (95% CI: 30.6-59.9) 
for a follow-up <2 years. The pooled mean follow-up was 0.8 years for the studies 
with a follow-up <2 years and 17.3 years for the studies with a follow-up >2 years. 
No statistically significant differences were found within the subgroups of reason 
for amputation and level of amputation. 

Variable N studies Prevalence % 95% CI p-value

Age 0.006

   >50 12 66.6 56.1-75.6

   <50 8 47.6 39.5-55.8

Geographic location 0.034

   Asia 7 50.4 32.6-68.1

   America 6 69.6 63.6-75.0

   Europe 7 58.2 47.8-67.8

Reason for amputation 0.292

   Trauma only 7 65.1 52.0-76.7

   Miscellaneous 12 56.1 44.9-66.7

Level of amputation 0.891

   Below knee 2 58.3 36.0-77.6

   Miscellaneous 15 56.8 48.3-65.0

   Above knee 2 67.1 25.4-92.5

Data collection method 0.038

   Interview 8 49 36.6-61.6

   Self-administered questionnaire 12 65.5 56.3-73.6

Follow-up 0.049

   >2 years 16 62.4 53.5-70.6

   <2 years 4 44.8 30.6-59.9

Table 2 Subgroup analysis residual limb pain prevalence studies



4

67

Prevalence of RLP and neuroma after lower extremity amputation 

Prevalence symptomatic neuroma 
The symptomatic neuroma prevalence reported by the included studies ranged from 
4% to 49% (Figure 3). The pooled prevalence in this meta-analysis was 15% (95% 
CI: 7-28), with high heterogeneity between studies (I2 = 97%, P < 0.01). Subgroup 
analysis of symptomatic neuroma prevalence studies could not be performed 
because of the small number of included studies.

Study

Pooled prevalence (95% CI)
I2 = 95%, τ2 = 1.0896, p < 0.01

Albino 2014
Allami 2019
Ebrahimzadeh 2009
Faraji 2018
Penna 2018
Rotter 2006
Yasar 2017

Events

  2
 26
 12
 49
  4

 11
151

Total

1068

  41
 247
  96

 100
  96
  88

 400

0.1 0.2 0.3 0.4 0.5

Proportion

0.15

0.05
0.11
0.12
0.49
0.04
0.12
0.38

95%−CI

[0.07; 0.28]

[0.01; 0.17]
[0.07; 0.15]
[0.07; 0.21]
[0.39; 0.59]
[0.01; 0.10]
[0.06; 0.21]
[0.33; 0.43]

Figure 3 Forest plot prevalence of symptomatic neuroma 

DISCUSSION 

The pooled prevalence for RLP was 59% and 15% for symptomatic neuroma. Other 
causes included infection, vascular insufficiency, bone spur formation, inadequate 
wound closure, unstable scar, and soft tissue inflammation inhibiting adequate 
prosthetic use.3 Residual limb pain may be more common in patients aged >50 
years, with geographic location within the United States, follow-up >2 years, and 
in studies using a self-administered questionnaire for data collection. 

Risk factors for residual limb pain 
In previous studies, numerous factors have been associated with RLP. Phantom 
limb pain is often mentioned as a risk factor for RLP; the 2 phenomena frequently 
co-exist and patients find it difficult to differentiate between them.22,26,28,32,38,39 
Besides PLP, Sin et al. found a higher RLP prevalence among women.28 Two studies 
concluded that patients suffering from lower back pain also experienced more 
RLP.22,32 Ephraim et al. reported a positive association between RLP and a younger 
age, traumatic amputation causes, as well as increasing comorbid conditions.36 
Gallagher et al. also stated comorbid conditions to be predictors, as well as a lower 
level of adjustment to limitation, but did not find an RLP correlation with PLP.18 In 
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both studies, patients were questioned about suffering from comorbidities besides 
RLP and PLP, but they were not asked to further specify the conditions involved.

Current subgroup analysis showed statistically significant differences in RLP 
prevalence between subgroups based on age, continent, data collection method, 
and follow-up. These results suggest that physicians should be aware of a possibly 
higher RLP prevalence among patients aged 50 years or older and its occurrence 
after more than 2 years postamputation. As RLP complaints can emerge after 
2 years postoperatively, it is crucial to inform patients about the possibility of 
developing RLP during this period. Long-term follow-up after lower extremity 
amputation may be indicated as well to identify patients and treat RLP early on. 
Studies conducted in the United States reported a higher RLP prevalence than 
studies in Asia or Europe. We hypothesize that this difference might be caused by 
a difference in financial and geographic availability to health care, as well as earlier 
and more extensive diagnostics. Comparisons across continents are difficult to 
make and differences must be interpreted with care. Residual limb pain prevalence 
was higher in studies using a self-administered questionnaire than for studies 
in which data were collected through face-to-face interviews or by phone. This 
difference might be due to a lack in clinical context, leading to a higher prevalence. 
During an interview, physicians can make a better distinction in terms of relevance 
of complaints, possibly resulting in a lower prevalence. It was not possible to 
perform a subgroup analysis for vascular vs traumatic etiologies because of a lack 
of studies solely focusing on vascular causes. 

Diagnosing symptomatic neuromas 
All articles included in this study that have researched pain caused by a symptomatic 
neuroma, retrieved their data either from medical records or through face-to-face 
or phone interviews. Penna et al. reported the lowest prevalence of symptomatic 
neuromas of all included studies.24 However, this is the only study to report the 
method used for symptomatic neuroma identification and their diagnostic criteria. 
The presence of a painful neuroma was only concluded whenever physical 
examination in combination with either histopathological or radiological evidence 
supported the presence of a neuroma. Histologically, neuromas are characterized 
by disorganized bundles of axon growth into fibrotic tissue.40 Neuromas can be 
detected by ultrasound, facilitating the distinction between asymptomatic and 
symptomatic neuromas.41 A diagnostic proximal nerve block is often seen as 
the gold standard. Its predictive value for success of operation seems to be low 
and results for surgical selection should be interpreted with care.42. Symptomatic 
neuromas lead to sensory or motor nerve dysfunction of the affected area of the 
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nerves, but studies solely depending on the physician’s clinical judgment without 
the support of other diagnostic methods may not achieve realistic prevalence. 

Treatment and prevention of residual limb pain and symptomatic 
neuromas 
Residual limb pain is used as a collective term for multiple etiologies with different 
treatment options. In case of ulceration in nondiabetic and diabetic vascular 
patients, regulation of the underlying condition is an important element of care. 
These ulcerations are often more troublesome and heal slower than ulcerations 
caused by pressure and friction between the stump and prosthesis.43,44 A well-fitted 
prosthesis is important in the prevention of RLP, but In case of severe bone spur 
formation and soft tissue or bone infections, revision stump surgery is regularly 
required.45 

Whenever RLP is based on a symptomatic neuroma, both surgical and nonsurgical 
treatment options are available. Nonsurgical management of postamputation 
symptomatic neuromas includes the administration of various medications, 
phenol or alcohol injections, radiofrequency ablation, and cryoablation.46–52 The 
effectiveness of these treatments is questionable, and reliable evidence is lacking. 
In case of persistent neuroma pain, surgical alternatives tend to be more suitable 
than the nonsurgical approach. There is evidence supporting the effectiveness 
of traditional neuroma excision, followed by muscle implantation of the remaining 
nerve end.53,54 Targeted Muscle Reinnervation (TMR) and Regenerative Peripheral 
Nerve Interfaces (RPNI) are 2 newer surgical therapies for symptomatic neuroma 
of sensory nerves, yielding promising results.55–58 These techniques are used 
in neuroma management and can be used as preventative measures. However, 
TMR and RPNI are not (yet) part of the standard procedure of a lower extremity 
amputation. Because of the lack of high-level comparative studies, no consensus 
has been reached regarding the best symptomatic neuroma treatment.59 

Strengths and limitations 
Limitations to this study include the heterogeneity among included studies. 
The articles differed regarding study design and methods of data collection. 
It is important to note that the prevalence of RLP and symptomatic neuroma was 
often based on a dichotomous question about the presence or absence of these 
conditions. This presence or absence was not linked to a pain scale and therefore 
the clinical impact of the presence of RLP or symptomatic neuroma is unclear. Only 
7 articles were included in the meta-analysis for symptomatic neuroma prevalence, 
and it was not possible to perform a subgroup analysis. Also, no subgroup analysis 
of the influence of sex on the prevalence of RLP could be performed because of 
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the lack of studies focusing exclusively on women. Subgroup analysis showed a 
significant higher prevalence of RLP in studies with a geographic location within the 
United States compared with Europe or Asia. These outcomes must be interpreted 
with care as the results were based on studies that were not comparative between 
countries, which may have led to a reporting bias.60 Studies included used different 
methods of data collection. Face-to-face or phone interviews may be more likely to 
obtain the most realistic prevalence because better distinctions could be made in 
terms of complaint relevance. In only 3 of the included studies a physical examination 
was part of the diagnostic process.17,24,35 The other studies were solely based on the 
interviews, self-administered questionnaires or medical records. We believe that 
a physical examination as part of the diagnostic process in RLP and symptomatic 
neuroma is essential. Finally, 2 studies only included patients wearing prostheses, 
which may increase the risk of a selection bias.23,29 Patients who could not tolerate a 
prosthesis because of pain were possibly excluded, resulting in an underestimation 
of the RLP prevalence. 

Nevertheless, this study found a high prevalence of RLP and symptomatic neuroma 
among lower extremity amputees. Patients require long-term follow-up after a lower 
limb amputation because of the possible late onset of RLP, especially caused by 
symptomatic neuromas. Future research should focus on diagnosing RLP at an 
early stage, identifying neuromas, and treating them appropriately. Selection criteria 
that patients must meet when diagnosing RLP and symptomatic neuromas are not 
yet properly established. Novel treatment modalities, such as TMR or RPNI as a 
possible part of an amputation to prevent symptomatic neuromas, report favourable 
results. 

CONCLUSION 

The prevalence of RLP and symptomatic neuroma in patients with lower extremity 
amputations is 59% and 15%, respectively. A higher prevalence of RLP was 
identified in patients aged >50 years, with geographic location within the United 
States, follow-up >2 years, and in studies using a self-administered questionnaire for 
data collection. Knowledge of their high prevalence may result in better awareness 
among physicians, in turn providing timely and adequate treatment. 
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SUPPLEMENTARY MATERIAL 

Supplementary File 1 Search syntaxes for PubMed and Embase
Pubmed: 
(amput*[Title/Abstract] OR disarticulation*[Title/Abstract] OR exarticulation*[Title/
Abstract] OR postamputation*[Title/Abstract] OR post amputation*[Title/Abstract] 
OR limb loss*[Title/Abstract] OR amputation[MeSH Terms] OR amputation 
stumps[MeSH Terms] OR disarticulation[MeSH Terms]) AND (“stump pain”[Title/
Abstract] OR neuroma*[Title/Abstract] OR “stump neuralgia”[Title/Abstract] OR 
“neuropathic pain”[Title/Abstract] OR “residual limb pain”[Title/Abstract] OR 
“postamputation pain”[Title/Abstract] OR “pain after amputation”[Title/Abstract] 
OR neuroma[MeSH Terms]) 

Embase: 
(‘amput*’:ti,ab,kw OR ‘disarticulation*’:ti,ab,kw OR ‘exarticulation*’:ti,ab,kw OR 
‘postamputation*’:ti,ab,kw OR ‘post amputation*’:ti,ab,kw OR ‘limb loss*’:ti,ab,kw 
OR 'amputation'/exp) AND (‘stump pain’:ti,ab,kw OR ‘neuroma*’:ti,ab,kw OR ‘stump 
neuralgia’:ti,ab,kw OR ‘neuropathic pain’:ti,ab,kw OR ‘residual limb pain’:ti,ab,kw OR 
‘postamputation pain’:ti,ab,kw OR ‘pain after amputation’:ti,ab,kw OR 'neuroma'/exp) 
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Supplementary File 2 Modified Newcastle-Ottawa scoring guide
1.	 Representativeness of the sample: 

1 point: Population contained multiple reasons and levels of amputations. 

0 points: Population contained either a single reason, a single level of 
amputation, or both. 

2.	 Sample size: 
1 point: Sample size was ≥100 participants. 

0 points: Sample size was <100 participants. 

3.	 Non-respondents Comparability: 
1 point: Comparability between respondent and non-respondent characteristics 
was established, or the response “rate” was 80% or greater. 

0 points: The comparability between respondents and non-respondents 
was unsatisfactory, the response “rate” was unsatisfactory, or there was no 
description of the response “rate” or the characteristics of the responders or 
non-responders." 

4.	 Ascertainment of RLP/SP/Neuroma: 
1 point: Well described and/or validated measurement tool. 

0 points: Poorly described measurement tool of uncertain validity or non-
validated single-question screening tool. 

5.	 Quality of descriptive statistics reporting: 
1 point: Reported descriptive statistics to describe the population (e.g., age, sex, 
follow up) with at least 2 proper measures of dispersion (e.g., mean, standard 
deviation, range). 

0 points: Descriptive statistics were not reported, were incomplete, or did not 
include proper measures of dispersion. 

The quality assessment tool is used to assess articles on their quality in terms of 
representativeness, sample size, comparability between respondents and non-
respondents, outcome ascertainment and descriptive statistics. The scores range 
from 0-5 and the studies are classified as low risk of bias (≥3 points) or high risk 
of bias (<3 points). 
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Supplementary Table 1 Complete quality assessment

Study Representativeness Sample size Comparability Outcome Statistics Total
Albino 0 0 1 0 1 2
Allami 0 1 0 1 1 3
Behr 1 0 1 1 1 4
Desmond 0 1 0 1 1 3
Ebrahimzadeh 0 0 0 1 1 2
Ehde 1 1 0 1 1 4
Ephraim 1 1 0 1 1 4
Esfandiari 0 1 0 1 1 3
Faraji 0 1 0 1 1 3
Gallagher 1 0 0 1 0 2
Hagberg 0 0 0 0 1 1
Hanley 1 0 0 1 1 3
Kelle 1 1 0 1 1 4
Kulkarni 0 1 1 1 1 4
Morgan 1 1 1 0 1 4
Penna 1 0 0 1 1 3
Reiber 0 1 0 0 1 2
Richardson 0 0 1 1 1 3
Rotter 0 0 1 1 1 3
Sin 1 0 0 1 1 3
Sinha 1 1 1 1 1 5
Smith 1 1 1 1 1 5
van der Schans 1 1 1 0 1 4
Yasar 0 1 1 0 1 3
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ABSTRACT 

Extensive microsurgical neurolysis followed by free gracilis muscle flap coverage 
can be performed as a last resort for patients with persistent neuropathic pain of 
the ulnar nerve. All patients who had this surgery between 2015 and 2021 were 
identified. Data were collected from the medical records of 21 patients and patient-
reported outcomes were collected from 18 patients, with a minimum follow-up of 12 
months. The median visual analogue pain score decreased significantly 8 months 
postoperatively from 8.0 to 6.0 and stabilized to 5.4 at the 3-year follow-up. Health-
related quality-of-life scores remained diminished compared to normative data. 
In the treatment of therapy-resistant neuropathic pain of the ulnar nerve, extensive 
neurolysis with a subsequent free gracilis muscle flap coverage shows a promising 
reduction of pain that persists at long-term follow-up. 
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INTRODUCTION 

Surgical decompression of the ulnar nerve is successful in most patients 
experiencing ulnar compression neuropath.1 In 10%–25% of patients, however, 
symptoms persist or worsen, and may lead to a chronic neuropathic pain 
syndrome.1 Ulnar nerve submuscular transposition may improve symptoms after 
failed primary decompression, but 15% of patients do not respond.2 Neuropathic 
pain is known to have a significant negative impact on physical functioning and 
quality of life, and treatment often involves multiple modalities, such as opioids, 
anti-depressants, anxiolytics, neuro-stimulation devices, nerve blocks and multiple 
revision surgeries.3–6 Currently, there is no optimal treatment option for patients 
experiencing persistent ulnar nerve neuropathic pain, resulting in some patients 
experiencing residual pain despite numerous operations and medical treatment.

Extensive neurolysis with free muscle flap coverage, as previously described by the 
senior author of this paper, can be a last resort in this situation.7 The objective is 
to create a scar-free, traction-free, well-padded and well-vascularized environment 
for the nerve. The previous study was a small case series that demonstrated long-
term pain reduction postoperatively. The limitations of this case series were that 
the patients included were heterogeneous (patients with radial, median, ulnar and 
digital neuropathies were included) and that there was a relatively high flap loss 
reported within this series. This aim of the present study was to provide additional 
insights on postoperative outcomes by utilizing a new dataset of patients with long-
term follow-up.

METHODS 

Study design 
This was a retrospective and cross-sectional study, using data collected from all 
patients who underwent an extensive microsurgical neurolysis followed by free 
gracilis flap coverage for the treatment of persistent neuropathic pain of the ulnar 
nerve between January 2015 and November 2021. All surgeries were performed 
by the senior author of this paper (JHC) using a previously described surgical 
technique.7 Ethical approval for this study was obtained from the Medical Research 
Ethics Committee (22-918).

Patient selection and recruitment 
Patients were eligible for inclusion if they met the following criteria: (1) revision 
neurolysis with free gracilis flap coverage for persistent neuropathic ulnar nerve 
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pain; (2) aged 18 years or older at the moment of free flap reconstruction; and (3) 
follow-up of at least 12 months after the reconstruction. Exclusion criteria were a 
mental or physical inability to read, understand and/or complete the questionnaires. 
All patients were recruited in November 2022. Eligible patients were informed about 
the study by phone. Written informed consent was obtained from all participants 
before the study. Patients completed the questionnaires using Castor EDC, a 
secured web-based clinical data management platform. 

Demographics 
Patient-related characteristics were recorded from the electronic medical records. 
These included sex, age, body mass index, co-morbidities, medical history 
and visual analogue scale (VAS) score for pain. Surgery-related characteristics 
included time since reconstruction, time between the previous surgery and the 
reconstruction, and the affected side. The surgical outcomes that were retrieved 
included length of stay, complications and VAS scores. 

Patient-reported outcome measures (PROMs) 
PROMs were measured using four questionnaires, a pain score, and two 
questions on pre- and postoperative pain medication. All PROMs were validated 
and translated into Dutch. Pain in general was evaluated using a VAS score, with 
scores in the range of 0–100. General health was assessed using the 36-Item 
Short-Form Health Survey (SF-36), a widely used health-related quality-of-life 
questionnaire consisting of 36 items divided into eight scales.8 The scores range 
from 0 to 100, with higher scores representing better physical and mental well-being. 
The summary scores Physical Component Score (PCS) and Mental Component 
Score (MCS) were calculated from the eight domains using normative data from 
a Dutch population combined with United States factor score coefficients.9,10 
Quality of life was assessed using the five-level EuroQol-5 Dimension (EQ-5D-
5L) instrument.11 This questionnaire comprises five dimensions: mobility; self-care; 
usual activities; pain/discomfort; and anxiety/depression. For the SF-36 and EQ-
5D-5L scores, subgroups were created based on unilateral neuropathic pain or 
bilateral neuropathic pain of which only one side was surgically treated. Hand and 
arm function were assessed using the quick version of the Disabilities of the Arm, 
Shoulder, and Head questionnaire (QuickDASH) and the Michigan Hand Outcomes 
Questionnaire (MHOQ).12–14 The Quick-DASH consists of 11 5-point Likert scale 
items. The responses were converted to an overall score in the range of 0–100, 
with higher scores indicating more disability. The MHOQ includes 57 5-point Likert 
scale questions on the following domains: overall hand function; daily activities; 
work activities; pain; aesthetics; and patient satisfaction regarding hand function. 
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The scores range from 0 to 100, with higher scores representing better results. 
Scores of the reconstruction side were compared with the opposite extremity. 

Statistical analyses 
Demographic and treatment variables were summarized using descriptive statistics 
and presented as medians with interquartile range or numbers. No imputations were 
used for missing data. Preoperative, postoperative in clinic and late postoperative 
median VAS scores were compared using a dependent sample non-parametric sign 
test. Patients with one or two prior surgeries to the reconstruction were compared 
to three or more previous operations using an independent sample non-parametric 
median test. The SF-36, EQ-5D-5L and MHOQ subgroup scores were compared 
using an independent sample Student’s t-test. Two-sided p-values <0.05 were 
considered statistically significant. 

RESULTS 

Patient characteristics 
Between January 2015 and December 2021, 24 reconstructions in 23 consecutive 
patients were identified. Two patients decided not to participate, leaving a total of 
21 patients included in the study and 18 who responded to the questionnaires. 
One patient died from causes unrelated to the reconstruction, but data from their 
medical records were included in the analysis. One patient underwent bilateral 
reconstruction. All patients had previously undergone one or more operations on 
the affected upper extremity before the free muscle reconstruction, with a median 
of 3 operations and 2.1 years between last surgery and the free flap reconstruction. 
Out of 22 reconstructions, preoperative Tinel’s sign was positive in nine patients, 
negative in three and unknown in 10. All patient characteristics are shown in Table 1. 
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Study population

Patients 21

Sex  

    Male 7

    Female 14

Reconstructions  

    Primary 22

Age (years) 50 (40–57)

BMI (kg/m2) 29 (24–32)

Co-morbidities  

    Current smoker 4

    Smoking history 6

    Hypertension 6

    Cardiovascular disease 0

    Diabetes Mellitus 0

Operations before free flap reconstruction  

    1 2

    2 9

    3 4

    4 3

    5 or more 3

    Unknown 1

Type of last surgery before free flap reconstruction  

    Open decompression 4

    Submuscular transposition 16

    Denervation 1

    Intraosseous transposition 1

Reconstruction on dominant side  

    Yes 12

    No 8

    Unknown 2

Data are presented as n or median (IQR) 
BMI: body mass index; IQR: interquartile range 
Table 1 Patient demographics

Aesthetic results 
The postoperative results of two patients are shown in Figure 1. The patient 
in Figure 1(a) developed a wound infection in the second postoperative week. 
The photograph was taken 4 months after the procedure and demonstrates that, 
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despite the infection, the patient healed well. In Figure 1(b), the photograph was 
taken after an uncomplicated 3-month recovery. 

Figure 1 Postoperative aesthetic results. Postoperative aesthetic results of two patients treated for 
ulnar neuropathy. (a) The patient developed a wound infection in the second postoperative week. 
Photographs were taken 4 months after the procedure and (b) The patient had an uncomplicated 
recovery. Photographs were taken 3 months after the procedure.

Complications 
No flap loss or flap necrosis was observed in our patient cohort. All complications 
are shown in Table 2. One patient with operative neuropathic pain from the 
saphenous nerve was treated successfully with denervation. One patient who 
developed an infected seroma required incision and drainage.

  Reconstructions (n = 22)
Flap complication  
    Flap necrosis 0
    Vascular insufficiency 1
    Postoperative haemorrhage 1
    Wound dehiscence 1
    Wound infection 0
    Failure of skin graft take 0
    Seroma 1
Donor site complication  
    Wound infection 3
    Abscess in scar tissue 1
    Neuropathic pain saphenous nerve 1
    Infected seroma 1
Admission days 5 (5–6)

Data are presented as n or median (IQR) 
IQR: interquartile range 
Table 2 Surgery complications and hospital admission days.
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Pain 
The median preoperative VAS score for pain (n = 18) was 8.0 (range 5.0–10.0). 
The median postoperative VAS score at the clinic follow-up (n = 21) after a median 
follow-up of 8 months, was 6.0 (range 0.0–9.5). The median late postoperative 
VAS score obtained by the questionnaires (n = 18) was 5.4 (range 0.0–10.0), 
with a median follow-up of 3 years (range 1.0–7.0 years). The median VAS score 
decreased significantly postoperatively at follow-up in clinic (p = 0.013) and at the 
late postoperative follow-up (p = 0.035). The VAS score lowered in 14 patients 
and increased after surgery in 3/18 patients. Figure 2 shows the boxplots of 
preoperative, postoperative in clinic and late postoperative VAS scores. 

Figure 2 Preoperative, postoperative in clinic and late postoperative visual analogue scale scores

There were no significant differences between patients with one or two surgeries 
before the reconstruction (n = 11) compared to patients with three or more previous 
surgeries (n = 11). The median postoperative clinic follow-up VAS scores were 6.3 
for one or two surgeries and 2.0 for three or more (p = 0.387) and late postoperative 
scores were 6.4 and 1.7 (p = 0.153).
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Pre- and postoperative pain medication and treatment 
Data on pre- and postoperative pain medication was available from 16 patients. 
The use of pain medication decreased postoperatively in 11 patients, remained 
the same in three and increased in one. One participant changed from opioid, 
amitriptyline and capsaicin cream to TENS and neurostimulation treatment. 
In total, 15 patients used some form of pain medication preoperatively, compared 
to nine patients after surgery. Six patients used a strong opioid such as morphine, 
oxycodone or fentanyl before surgery compared to none postoperatively. 

Patient-reported outcomes 
The questionnaires were completed by 18 patients with a median time of 3.1 years 
(range 1.0–7.0) after surgery. No significant differences in SF-36 and EQ-5D-5L 
scores were seen in the unilateral compared to the bilateral neuropathic pain 
subgroups. Total MHOQ score as well as outcomes for overall hand function, daily 
activities, aesthetics, satisfaction and the total score were all significantly worse for 
the reconstruction side compared to the opposite side. SF-36, EQ-5D-5L, MHOQ 
and QuickDASH overall scores and MHOQ scores of the reconstruction side are 
presented in supplementary file Appendix S1.

DISCUSSION 

Patients experiencing therapy-resistant ulnar nerve neuropathic pain after multiple 
failed surgical therapies pose a challenging problem. In these patients, extensive 
neurolysis with a subsequent free gracilis muscle flap coverage is a promising 
treatment option. Our results show a significant decrease in VAS scores at 8 
months, followed by a moderate reduction and stability at long-term follow-up 
(median 3 years). 

Chronic neuropathic pain has a severe impact on patients and diminishes health-
related quality of life.15,16 While not all patients experience pain relief or a reduction 
in pain, our cohort does show a decrease in VAS score with a mean pain reduction 
of 37% and 38% postoperatively in the clinic and at the late postoperative follow-up, 
respectively. A reduction of at least 32% is considered to be the minimum clinically 
important difference in chronic pain.17 At the late postoperative follow-up, this was 
achieved in 7/15 patients. Only one study described the VAS score after neuropathic 
pain revision surgery using free gracilis muscle flap and supported our findings with 
a sustained reduction in pain at the 5.5-year follow-up.7 A similar reduction in pain at 
short-term follow-up was found in a study on revision surgery for ulnar entrapment 
by subcutaneous transposition, submuscular transposition or neurolysis.18 Stokvis 
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et al. found location, duration of pain before treatment and the number of previous 
operations to be prognostic factors of surgical outcomes.3,19 Despite considerable 
variation, we did not find a significant correlation between median VAS scores and 
an increased number of surgeries before the gracilis reconstruction.

Reducing the usage of pain-relieving therapies and medications are an important 
aspect in patients experiencing chronic neuropathic pain. Therapy-resistant 
neuropathic pain is a well-known cause of opioid use, therefore contributing to 
the opioid crisis with all its consequences.20,21 The use and misuse of these highly 
addictive drugs have an immense impact on national and global healthcare and 
the economy; therefore, usage of opioids should be minimized.22 In our cohort, a 
decrease was seen in postoperative pain medication usage, specifically regarding 
opioid analgesics. All patients who required opioids (such as morphine, oxycodone 
or fentanyl) before surgery were completely free of opioid medications after surgery.

Our study reported significantly poorer scores on all domains of the SF-36 score 
when compared to the general Dutch population, confirming the negative impact 
on the quality of life of patients experiencing chronic neuropathic pain despite 
the postoperative improvement observed.10 The management of expectations is 
therefore a crucial part of the preoperative counselling required in order for patients 
to make a fully informed decision regarding revision surgery. Our patient-reported 
outcomes are comparable to outcomes reported in our earlier cohort.7 As expected, 
patients with unilateral pain tend to score better on quality-of-life outcomes than 
patients with bilateral neuropathic pain of which only one side was surgically treated; 
however, the difference was not found to be significant, possibly due to the limited 
sample sizes (12 vs. 6 patients).

While outcomes regarding pain relief are promising, treatment of the chronic painful 
nerve with an extensive neurolysis and a subsequent free gracilis transfer is a 
complex surgical procedure with related risks and complications. In our cohort, 
no flap losses were seen and flap complications requiring surgery occurred in 
2/22 operations. This is substantially lower compared to 4 and 8 out of 15 patients 
in the study by Van Bekkum et al., possibly as a result of a learning curve.7 
Our complication rates are comparable to other studies on free gracilis muscle 
reconstructions.23–25

Nerve coverage with free flaps is considered to be the last possible surgical 
treatment option aimed at pain relief.26 Although the exact pathophysiology of a 
free flap in case of neuropathic pain is still unknown, mechanisms described to 
contribute to the beneficial effects include the following (1) a new blood supply, 
possibly promoting revascularization of a devascularized segment of the nerve; (2) 
excision of the hyperaesthetic area of skin; (3) tissue padding, which may insulate 
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the nerve from the traction forces of adjacent moving tendons and function as 
a cushion from external pressure on the overlying skin; and (4) creation of an 
environment with less scar tissue. Though all surgeries heal with scar tissue, the 
rationale is that the interface between the well-vascularized flap and the nerve 
may result in less fibrosis and therefore allow improved longitudinal gliding of the 
nerve.26,27

Our study was limited by the retrospective design and therefore unavoidable 
missing data of pre- and postoperative VAS scores. A further limitation is the 
lack of preoperative PROMs with which to compare outcome data. However, our 
postoperative PROMs are presented to allow for comparison with future studies. 

CONCLUSION 

In the treatment for therapy-resistant neuropathic pain of the ulnar nerve, extensive 
neurolysis and subsequent free gracilis muscle flap coverage show promising 
results on pain reduction. As the main objective of the procedure, a decrease in 
VAS scores is seen after surgery, which remains lowered during long-term follow-
up. Postoperatively, a reduction in the use of pain medication is observed in 11/16 
patients of the cohort and all patients who required preoperative opioid analgesics 
were opioid-free after surgery. 
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SUPPLEMENTARY MATERIAL 

Appendix S1 SF-36, EQ-5D-5L, MHOQ and QuickDASH overall scores 
and MHOQ scores of the reconstruction side

    Overall
(n = 18)

Reconstruction side 
(n = 18)

SF-36

Physical functioning 61.1 (24.0)

Role - Physical 33.3 (39.3)

Bodily pain 41.1 (25.7)

General health 57.2 (25.5)

Vitality 52.8 (18.2)

Social functioning 66.7 (27.1)

Role - Emotional 51.9 (47.4)

Mental Health 74.7 (21.1)

Physical component score 37.4 (10.4)

Mental component score 46.6 (13.1)

EQ-5D-5L

Index score 0.53 (0.33)

Overall current health 66.11 (25.1)

MHOQ    

Overall hand function   47.5 (19.9)

Daily activities   63.1 (30.5)

Work activities 40.8 (28.5)  

Pain 45.0 (17.1)  

Aesthetics   65.3 (25.8)

Satisfaction   42.1 (26.1)

Total score   50.6 (16.7)

QuickDASH    

Total score 47.3 (20.2)  

Data are presented as mean (SD) 
SD: standard deviation 
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ABSTRACT 

Background 
Free tissue transplantations are commonly used to treat complex lower extremity 
defects caused by trauma, vascular disease, or malignancy, particularly when vital 
structures are exposed. This study aimed to expand the knowledge on patient-
reported outcomes by comparing fasciocutaneous and muscle flaps, with the goal 
of facilitating patient counseling. Additionally, patient-level risk factors associated 
with decreased functioning and health-related quality of life were identified. 

Methods 
This retrospective, cross-sectional, multicenter study included patients who 
underwent microsurgical lower extremity reconstruction using free fasciocutaneous 
or muscle flaps between 2003 and 2021, with a minimum follow-up of 12 months. 
Data were collected from medical records, pain scores, Short-Form 36 (SF-36), and 
Lower Extremity Functional Scale (LEFS). Mean scores were compared between 
flap types and predictors of LEFS, SF-36 Mental Component Summary (MCS), 
and SF-36 Physical Component Summary (PCS) scores were determined using a 
backward stepwise regression model. 

Results 
Of the 206 patients eligible, 100 (49%) were included in the retrospective part. 
A total of 89 (43%) responded to the questionnaires, with 62 treated using a 
fasciocutaneous flap and 27 with a muscle flap. No significant differences in total 
LEFS, SF-36 PCS, or MCS scores were found between the two flap type. Pain was 
a significant predictor of decreased functional outcomes for both flap types and was 
also linked to poorer mental health in patients treated with fasciocutaneous flaps. 
Other predictors of low patient-reported outcome scores included obesity, diabetes, 
poorer mental health, and a follow-up of less than 2 years. 

Conclusion 
Patients treated with fasciocutaneous and muscle flaps experience comparable 
levels of functionality and quality of life after surgery. Flap selection should be based 
on defect characteristics, along with the surgeon’s individual skills and preferences. 
A comprehensive approach that considers physical comorbidities, pain, and mental 
health is essential, as these factors significantly impact patient functionality and 
quality of life. 
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INTRODUCTION 

Over the last decades, free flap reconstructions have become daily practice for 
many microsurgeons. Complex lower extremity defects exposing vital structures 
due to trauma, vascular disease, or malignancy are important parts of practices of 
plastic surgeons. When primary closure, skin grafts, or local flaps reconstructions 
are no option to close the defect, a free tissue transplantation is necessary to 
salvage the limb, avoid amputation and restore the leg to its most functional 
state. Main parts of the armamentarium of the reconstructive surgeons are either 
fasciocutaneous or muscle flaps. In terms of limb salvage and flap loss both types 
of flaps – fasciocutaneous or muscle – have been proven to be safe and have 
comparable outcomes.1–3 

Discussion on flap selection remain part of many conferences and manuscripts. 
Practice variation is accepted and is often based on surgeon, practice country or 
groups of collaborative surgeons. Previous studies have conducted comparative 
analyses of free fasciocutaneous and muscle flaps in terms of, for example, limb 
salvage, although a consensus which type of flap to choose is lacking. However, 
appreciating patient-related perspectives and risk factors contributing to poorer 
outcomes may help and improve decision-making. 

Therefore, the aim of this study was to gain insight into patient-reported outcomes 
of lower extremity free flap reconstructions and to compare the outcomes of 
fasciocutaneous to muscle flaps which will help in counseling patients. Additionally, 
the study aimed to identify patient-level risk factors associated with decreased 
functionality and health-related quality of life (HRQOL). 

METHODS 

Study design 
A retrospective and cross-sectional multicenter study was done using data collected 
from patients who underwent a microsurgical lower extremity reconstruction using 
a fasciocutaneous or muscle free flap. Patient records from the UMC Utrecht, 
Maastricht UMC, Medisch Spectrum Twente, and Radboud UMC of patients 
operated between January 2003 and December 2021 were used. Ethical approval 
for this study was obtained from the Medical Research Ethics Committee (reference 
number 22-761, METC NedMec). 
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Patient selection 
Patients were eligible for inclusion if they met the following criteria: (1) they underwent 
a microsurgical lower extremity reconstruction using a free fasciocutaneous or free 
muscle flap, (2) had an age of 16 years or older at the time of surgery, and (3) had a 
follow-up of at least 12 months after the reconstruction. Exclusion criteria were a 
mental or physical inability to read, understand, and/or complete the questionnaires. 
All patients were recruited between October and December 2022. Eligible patients 
were informed about the study by phone. Written informed consent was obtained 
from all participants before the study. Patients completed the questionnaires using 
Castor EDC, a secured web-based clinical data management platform.4 

Demographics 
Patient-related characteristics and surgery results were recorded from the 
electronic medical records. These included gender, age, Body Mass Index (BMI), 
comorbidities, and medical history. Surgery-related characteristics included 
time since reconstruction, cause and location of defect, free flap used and 
Gustilo classification. Surgery results included flap revision and flap/donor site 
complications. Complications that were recorded from the medical records were 
flap/donor site necrosis, vascular insufficiency, wound infection, wound dehiscence, 
fistula formation, seroma, hypertrophic scar, and postoperative hemorrhage. 

Patient-reported outcomes measures 
Patient-reported outcomes were measured using two questionnaires in Dutch and a 
pain-score. All patient-reported outcomes measures were validated and translated 
in Dutch. General health was determined using the 36-Item Short-Form Health 
Survey (SF-36), a widely used HRQOL questionnaire consisting of 36 items divided 
into eight scales 5 The scores range from 0 to 100, with higher scores representing 
better physical and mental well-being. The summary scores physical component 
summary (PCS) and mental component summary (MCS) were calculated from the 
eight domains using normative data from a Dutch population combined with U.S. 
factor score coefficients.6,7 Lower extremity function was assessed using the Lower 
Extremity Functional Scale (LEFS), a questionnaire including 20 items on a 5-point 
scale (0-4).8,9 Total LEFS score ranges from 0 to 80, with higher scores indicating 
greater level of functional status. Pain was evaluated using a 5-point Likert scale, 
with scores ranging from 0 (No pain or discomfort) to 4 (Extreme pain or discomfort).

Patient-level risk factors 
The binary variables that were examined to determine their correlation with poorer 
LEFS, SF-36 MCS and SF-36 PCS scores included gender, smoking status, 
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hypertension, cardiovascular disease, diabetes mellitus, obesity, primary or 
secondary reconstruction, surgical complication, level of defect, oncologic defect, 
traumatic defect, recent or past trauma, and pain. The variable mental health was 
included in the LEFS and SF-36 models only; the groups were formed based on 
SF-36 MCS scores with reference to the lower quartile. The variable smoking status 
was divided into two groups: “active smokers” and “nonsmokers.” The variable 
surgical complication was divided into two groups: patients who endured any type 
complication and those who did not. Level of defect was divided in the groups 
“knee to lower leg” and “ankle to foot.” Pain was defined as “yes” if it was rated 
as moderate or worse and “no” if it was rated as no pain or slight pain. The group 
“recent trauma” encompassed patients who sustained a traumatic event as cause of 
the defect that occurred within a 6-week period prior to the reconstruction, whereas 
“past trauma” consisted of patients whose traumatic event had happened earlier. 

Statistical analysis 
For analyses, the patients were divided into two groups based on the free flap used 
for reconstruction: fasciocutaneous and muscle flap. Patient and surgery-related 
variables were summarized using descriptive statistics and presented as means 
or medians with interquartile ranges or numbers with percentages. Mean LEFS 
scores and SF-36 health-related quality-of-life domains were compared between 
patient groups according to free flap type using one-way analysis of variance. 
Stepwise regression of multiple demographic and postoperative complication 
variables were conducted using backward selection. All variables with a value of 
p < 0.10 were included in the predictive model. Predictors of LEFS, SF-36 MCS, 
and SF-36 PCS scores according to free flap type with a value of p < 0.05 were 
considered statistically significant. Statistical analyses were conducted using R 
Statistical Software (v4.3.1; R Core Team 2023).

RESULTS 

Patient and surgery characteristics 
A total of 206 patients were identified who had received a microsurgical leg 
reconstruction using a fasciocutaneous or muscle free flap. A total of 100 (49%) 
patients were included in the retrospective part of the study and 89 (43%) responded 
to the questionnaires. All patient and surgery characteristics are shown in Table 1 
and 2. Unfortunately, of the 206 patients, 79 patients were unreachable, 27 denied 
participation or did not return the consent form. 
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  Fasciocutaneous flap
N = 69

Muscle flap 
N = 31 

p-value

Sex, N (%)    

    Male 50 (73) 24 (77) 0.606

    Female 19 (28) 7 (23)

Age in years, median (IQR) 59 (48-66) 61 (43-70) 0.777

BMI, median (IQR) 26.6 (23.6-29.2) 27.8 (24.4-29.4) 0.633

Comorbidities, N (%)    

    Current smoker 8 (12) 7 (23) 0.158

    Smoking history 25 (36) 6 (19) 0.093

    Hypertension 17 (25) 7 (23) 0.826

    Cardiovascular disease 9 (13) 4 (13) 0.985

    Diabetes Mellitus 6 (9) 1 (3) 0.326

Hospital, N (%)    

    Maastricht UMC 39 (57) 1 (3) <0.001

    Medisch Spectrum Twente 4 (6) 3 (10)

    Radboud UMC Rotterdam 11 (16) 6 (20)

    UMC Utrecht 15 (22) 21 (68)

Table 1 Patient characteristics per group based on free flap used
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  Fasciocutaneous 
flap 
N = 69

Muscle 
flap
N = 31 

p-value

Years since surgery, median (IQR) 4.1 (2.5-5.9) 6.0 (2.8-
7.9)

0.464

Location defect, N (%)    

    Knee 2 (3) 2 (6) 0.063

    Lower leg 41 (59) 21 (68)

    Ankle 6 (9) 6 (19)

    Heel 8 (12) 2 (6)

    Foot 12 (17) 0 (0)

Cause of defect, N (%)    

    Recent trauma (within 6 weeks) 19 (28) 6 (19) 0.620

    Trauma in the past 31 (45) 21 (68)

    Vascular disease 3 (4) 1 (3)

    Malignancy 10 (15) 1 (3)

    Other cause 6 (9) 2 (7)

Type of free flap, N (%)    

    Gracilis flap 0 (0) 15 (48)

    Latissimus dorsi flap (LD) 0 (0) 12 (39)

    Rectus abdominis flap 0 (0) 3 (10)

    Vastus lateralis flap 0 (0) 1 (3)

    Anterolateral thigh flap (ALT) 48 (70) 0 (0)

    Free radial forearm flap (FRFF) 14 (20) 0 (0)

    Deep inferior epigastric perforator flap (DIEP) 2 (3) 0 (0)

    Parascapular flap (PS) 2 (3) 0 (0)

    Superficial circumflex iliac artery perforator flap 
(SCIP)

2 (3) 0 (0)

    Thoracodorsal artery perforator flap (TDAP) 1 (1) 0 (0)

Gustillo classification, N (%)    

    2 5 (7) 1 (3) 0.349

    3A 5 (7) 0 (0)

    3B 4 (6) 5 (16)

    3C 3 (4) 0 (0)

    3 (unspecified) 6 (9) 1 (3)

    Unknown/does not apply 46 (67) 24 (77)

Table 2 Surgery characteristics per group based on free flap used
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Complications 
Partial flap necrosis was observed in five patients (7%) who received a 
fasciocutaneous flap and in four patients (13%) in the muscle group. Five patients 
(7%) in the fasciocutaneous group and three (10%) in the muscle group required 
revision surgery. Five individuals (7%) had complications at the donor site after 
undergoing a fasciocutaneous flap reconstruction, four patients (13%) after receiving 
a muscle flap. All complications are shown in Table 3.

  Fasciocutaneous flap
N = 69

Muscle flap
N = 31 

p-value

Flap revision, N (%)    

    Yes 5 (7) 3 (10) 0.682

Flap complications, N (%)    

    Any complication 15 (22) 6 (19) 0.789

    Partial flap necrosis 5 (7) 4 (13)  

    Vascular insufficiency 4 (6) 3 (10)  

    Wound infection 2 (3) 1 (3)  

    Wound dehiscence 7 (10) 0 (0)  

    Fistula formation 0 (0) 1 (3)  

Complication donor site, N (%)      

    Any complication 5 (7) 4 (13) 0.366

    Partial donor site necrosis 1 (1) 0 (0)  

    Wound infection 0 (0) 1 (3)  

    Wound dehiscence 3 (4) 0 (0)  

    Seroma 0 (0) 2 (6)  

    Hypertrophic scar 1 (1) 0 (0)  

    Postoperative hemorrhage 0 (0) 1 (3)  

Table 3 Surgery complications per group based on free flap used

Patient-reported outcomes 
The questionnaires were completed by 89 patients, of which 62 were treated with 
a free fasciocutaneous flap and 27 with a muscle flap. The median time since 
the reconstruction was 4.3 years (range: 1.0-19.1). Table 4 presents the SF-36 
scores per group; no significant differences were seen between fasciocutaneous 
and muscle flaps regarding the eight scales and two component scores. Table 5 
shows the scores for all LEFS questions per group; no significant differences were 
seen between the groups. 
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Variables Fasciocutaneous flap
N = 62

Muscle flap
N = 27

p-value

Physical functioning 67.3 ± 24.3 65.0 ± 22.4 0.671

Role limitation due to physical health 57.3 ± 43.5 65.7 ± 39.3 0.387

Role limitation due to emotional problems 72.0 ± 41.9 79.0 ± 37.2 0.458

Vitality 66.0 ± 18.7 64.1 ± 14.3 0.641

Mental health 77.7 ± 14.0 75.3 ± 15.7 0.460

Social functioning 77.0 ± 22.4 75.0 ± 19.0 0.685

Bodily pain 65.8 ± 24.8 69.9 ± 19.4 0.447

General health perception 63.5 ± 20.7 63.3 ± 17.7 0.977

Physical component summary 43.6 ± 10.2 44.4 ± 9.6 0.726

Mental component summary 50.4 ± 9.8 49.9 ± 9.5 0.835

All values are presented as means ± standard deviation 
Table 4 Mean 36-Item Short-Form Health Survey scores per group based on free flap used
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Activities Fasciocutaneous 
flap
N = 62

Muscle 
flap
N = 27

p-value

A. Any of your usual work, housework, or school 
activities

2.8 ± 1.2 3.1 ± 0.8 0.155

B. Your usual hobbies, recreational, or sporting 
activities

2.6 ± 1.3 2.7 ± 1.1 0.654

C. Getting into or out of the bath 3.2 ± 1.1 3.2 ± 1.1 0.959

D. Walking between rooms 3.4 ± 0.9 3.4 ± 0.6 0.932

E. Putting on your shoes or socks 3.4 ± 0.9 3.1 ± 1.0 0.176

F. Squatting 2.3 ± 1.5 2.1 ± 1.4 0.625

G. Lifting an object, like a bag of groceries from the 
floor

3.4 ± 0.9 3.3 ± 0.9 0.774

H. Performing light activities around your home 3.4 ± 0.8 3.4 ±. 0.6 0.801

I. Performing heavy activities around your home 2.3 ± 1.1 2.2 ± 1.2 0.893

J. Getting into or out of a car 3.3 ± 0.8 3.4 ± 0.8 0.719

K. Walking two blocks 3.3 + 0.9 3.3 ± 0.9 0.996

L. Walking 1 mile 2.5 ± 1.3 2.6 ± 1.3 0.722

M. Going up or down 10 stairs (approximately one 
flight of stairs)

3.0 ± 1.0 3.1 ± 0.9 0.528

N. Standing for 1 hour 2.3 ± 1.3 2.3 ± 1.3 0.797

O. Sitting for 1 hour 3.6 ± 0.8 3.6 ± 0.8 0.892

P. Running on even ground 1.0 ± 1.3 0.4 ± 0.9 0.065

Q. Running on uneven ground 0.7 ± 1.2 0.3 ± 0.6 0.099

R. Making sharp turns while running fast 0.8 ± 1.3 0.4 ± 0.9 0.098

S. Hopping 1.0 ± 1.3 1.0 ± 1.3 0.956

T. Rolling over in bed 3.6 ± 0.8 3.5 ± 0.8 0.461

LEFS total score (out of 80) 51.7 ± 15.6 50.4 ± 
12.4

0.703

Table 5 Mean Lower Extremity Functional Scale scores per group based on free flap used

Patient-level risk factors 
In the multivariable regression model for the fasciocutaneous flaps, the variables 
BMI, pain, diabetes, mental health, and years since surgery were found to be 
significant predictors of several patient-reported outcome scores (Table 6). Pain 
reported as “moderate or worse” was a significant predictor of lower MCS, PCS, 
and total LEFS scores. A BMI above or equal to 30 was a significant predictor of 
low MCS scores. The presence of diabetes was found to be a significant predictor 
of decreased PCS scores. A MCS score in the lower quartile, and a follow-up of 
2 years or less after surgery were significant predictors of lower total LEFS score. 
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The multivariable regression model for muscle flaps showed that only the variable 
pain was a significant predictor of decreased total LEFS scores (Table 6). 

               

95% Confidence 
intervals

Variables Patient 
responses

Mean 
score

Beta Lower Upper p-value

Fasciocutaneous flap

MCS

BMI ≥ 30 (n = 12) 45.0 -6.305 -12.120 -0.489 0.034

< 30 (n = 50) 51.7

PainA Yes (n = 25) 46.8 -5.046 -9.763 -0.329 0.036

No (n = 37) 52.9

PCS

Diabetes Yes (n = 5) 37.3 -10.024 -18.301 -1.748 0.018

No (n = 57) 44.1

PainA Yes (n = 25) 38.0 -10.316 -14.886 -5.745 <0.001

No (n = 37) 47.4

LEFS

MCS scoreB Low (n = 16) 44.0 -8.073 -15.775 -0.370 0.040

High (n = 46) 53.9

PainA Yes (n = 25) 43.1 -11.741 -18.816 -4.612 0.001

No (n = 37) 57.5

Years since 
surgery

< 2 years (n = 8) 40.5 -10.891 -21.146 -0.637 0.038

> 2 years (n = 54) 53.2

Muscle flap            

LEFS

PainA Yes (n = 13) 43.8 -12.725 -21.303 -4.148 0.005

    No (n = 14) 56.6        

Abbreviations: BMI, body mass index; LEFS, Lower Extremity Functional Scale; MCS, mental component 
summary; PCS, physical component summary 
A Pain was defined as “yes” if rated as moderate or worse, and “no” if rated as no pain or slight pain
B MCS score, low (≤) and high (>) defined with reference to the lower quartile
Table 6 Overview of significant variables by multivariable analyses for fasciocutaneous and muscle flaps

The variables gender, smoking status, hypertension, cardiovascular disease, 
primary or secondary surgery, surgical complication, oncologic defect, traumatic 
defect, and recent or past trauma were not significant predictors of decreased MCS, 
PCS, and LEFS scores. 
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DISCUSSION 

Microsurgical lower extremity free flap reconstructions for complex defects at the 
extremities have become daily practices for many microsurgeons. Free flap surgery 
is developing into a highly reliable option for the reconstructive surgeons. Flap 
selection follows the principle to strive for optimal functional outcomes and decrease 
donor site morbidity. The selection of flap type is a subject of continued debate 
and fills programs of conferences and tables of contents of many journals. This 
cross-sectional study compared free flap reconstructions using fasciocutaneous 
with reconstructions using muscle flaps. Patient-reported functionality nor HRQOL 
results were able to show significant differences between both options. Risk factors 
that contribute to poorer results were determined, outcomes indicated that pain was 
significantly related to decreased functional outcomes for both fasciocutaneous 
and muscle flaps and to lower mental and physical scores of patients treated with 
fasciocutaneous flaps. In addition, regarding fasciocutaneous flaps a BMI above 30, 
diabetes, poorer mental health, and a follow-up of less than 2 years were predictors 
of lower scores. 

Prior studies comparing fasciocutaneous and muscle flaps for functionality have 
found comparable results. Cho et al. reported no difference between fasciocutaneous 
and muscles flaps regarding return to ambulation (defined as time to full weight-
bearing status) in patients treated for acute and chronic traumatic wounds.10 In the 
treatment of distal third and ankle traumatic open tibial fractures, Yazar et al. also 
found comparable functional outcomes if selected for the appropriate defects.11 They 
stated that free muscle flaps are more suitable for major tridimensional defects, 
whereas both flaps are equally effective in smaller fractures. Black et al. conducted 
a comparison between free fasciocutaneous anterolateral thigh flaps versus 
vastus lateralis muscle flaps for the management of chronic wounds of the lower 
extremities and observed similar ambulation rates.12 Our findings on functionality 
are in line with these studies but have now been examined and confirmed through 
the patient’s perspective. The selection of free flap type should be based on defect 
characteristics in combination with the individual skills and preferences of the plastic 
surgeon.

Pain continues to be an important factor for patients and has shown to be a 
prognostic indicator for poorer outcomes in both cohorts within the scope of this 
study. Egeler et al. found similar results in a cohort of patients treated with lower 
extremity free flap reconstructions for solely traumatic injuries.13 They concluded 
that after a mean follow-up of 10 years, chronic pain was an independent predictor 
for lower scores of both PCS and LEFS. Harries et al. reported data on pain after 
lower extremity injuries requiring flap coverage and the impact on patient’s quality 
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of life.14 They stated that persistent pain following the reconstruction significantly 
affects the patient’s quality of life, specifically their enjoyment of life and the 
capacity to work and walk. A total of 43% of the patients in our cohort reported 
that they experienced pain of at least moderate severity. Effectively addressing 
these symptoms has the potential to enhance the functionality of these individuals. 
An interdisciplinary approach in the treatment of chronic pain has demonstrated a 
significantly improvement in physical function.15

Obesity is characterized as having a BMI that exceeds 30. This condition was 
in our cohort a predictor of decreased mental health for patients treated with a 
fasciocutaneous free flap. This relationship is frequently explored in the literature, 
concluding that obesity has a major impact on the mental well-being of individuals.16,17 
Obese patients are more at risk of various mental health conditions, such as anxiety 
and depression. Obesity is also the primary risk factor for the development of 
diabetes mellitus type 2.18 In our cohort, diabetes was a significant predictor of lower 
PCS scores. This is also consistent with existing literature, individuals with diabetes 
have a higher vulnerability to frailty and diminished physical functioning, the cause 
of which is multifactorial.19 Obesity and diabetes are chronic conditions, but adopting 
a healthy lifestyle can indirectly improve physical functioning and mental well-being 
over time. Educating patients afflicted with these conditions during consultation by 
outlining the expected risk and outcomes may be helpful. Enhancing weight and 
overall health is important for achieving improved functional outcomes in the long 
term. Obesity and diabetes were not shown to be predictive factors for diminished 
scores within the muscle flap cohort. Consequently, the consideration of opting 
for a muscle flap over a fasciocutaneous flap in these patients may be warranted. 
However, because to the limited number of participants in the muscle group, it is 
more difficult to distinguish differences between individuals, thereby precluding 
definitive recommendations.

Aside from the physical comorbidities obesity and diabetes, a diminished 
mental health was also found to be a negative predictor in patients treated with 
a fasciocutaneous flap. Patients with a mental score in the lower quartile of our 
cohort, scored relatively lower on the LEFS questionnaire. Wegener et al. published 
data from the Lower Extremity Assessment Project Study: they conducted, 
however, a prospective study on solely patients with major lower extremity trauma 
but showed that the results were comparable.20 The study involved a total of 327 
participants and the findings indicated that increased levels of depression and 
anxiety after 6, 12, and 24 months were related with decreased scores of physical 
functioning. Furthermore, a correlation was observed between elevated pain 
degrees and diminished functionality after 6 and 12 months. Our cohort shows 
that these associations of mental health and pain with physical function persists 
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up to a median follow-up of 4 years concurring with their results. All aspects of 
the biopsychosocial system should be considered when taking care of patients 
postoperatively to enhance their functioning and their quality of life.

Furthermore, in patients with a fasciocutaneous flap, a follow-up of 2 years or 
less was shown to have a negative predictive value for functioning measured by 
LEFS in comparison to a follow-up of more than 2 years. After this 2-year period, 
patients continue to improve in functionality. This could be explained by the fact that 
patients seem to cope and acquire improved use of their reconstructed extremity. 
This information might be included in patient consultation, highlighting that the 
postoperative recovery period is lengthy and comprehensive. 

The following variables did not predict patient-reported outcome scores: gender, 
smoking status, hypertension, cardiovascular disease, primary or secondary 
surgery, surgery level, oncologic defect, traumatic defect, and recent or past 
trauma. Interestingly, individuals treated for a traumatic defect showed comparable 
functional outcomes to patients with a nontraumatic etiology. 

The study was limited by the retrospective design and therefore unavoidable 
incomplete data retrieval. Total flap loss was not observed in either group. A total 
of 15 patients were included who underwent secondary reconstruction, after failure 
of previous flaps, or to address complications or deficiencies arising after the 
initial surgery. This study solely assessed data on the final reconstruction, thereby 
resulting in an underestimation of the number of complications, particularly total flap 
loss. The group patients undergoing lower extremity reconstruction and the etiology 
of the defect were quite heterogeneous. The study may be limited by the impact 
of surgeons’ preference on reconstructive decision-making, despite comparable 
study populations among the participating centers. Distribution of patients among 
both groups was uneven: only 31 patients receiving muscle flaps compared with 
69 fasciocutaneous flaps. Due to the limited numbers in the muscle group, it will be 
more difficult to find differences between individuals. This may explain why only pain 
was identified as a risk factor in the multivariate analysis. Lastly, we acknowledge 
the potential impact of the weight-bearing aspect of heel and foot reconstructions 
on postoperative scores. However, because to limited data, we were unable to 
explore this. 
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CONCLUSION 

After microsurgical soft tissue coverage of the lower extremity, patients treated with 
a free fasciocutaneous and muscle flaps experience similar levels of functionality 
and quality of life. Patients with pain generally score lower on functional and mental 
outcomes. These patients should therefore be referred to a pain management 
specialist at an early stage postoperatively. Other factors that were associated with 
decreased outcomes and therefore must be taken into account, include obesity, 
diabetes, lower mental health, and a follow-up of less than 2 years. Based on our 
findings, we advise patients to be treated in a holistic manner considering physical 
comorbidities, subjective pain, and mental condition. These factors will significantly 
impact their functionality and therefore quality of life. 
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ABSTRACT 

Background  
The goal of lower-extremity reconstructions is primarily to salvage the leg; however, 
esthetic outcomes are also important. This study aimed to assess the impact of a 
lower extremity free tissue transfer regarding social functioning, patient-reported 
esthetic outcomes, and possible differences between fasciocutaneous vs. muscle 
flaps. 

Methods 
For this cross-sectional multicenter study, patients operated between 2003 and 
2021, with a minimum follow-up of 12 months, were identified. Outcomes were 
obtained from 89 patients. Patient-reported outcomes were assessed using a 
questionnaire containing 5-point Likert scale questions grouped in three groups: 
aspect of the reconstructed leg, the aspect of the donor site, and the negative 
impact on social functioning. Physical functioning and mental health were assessed 
with the Short-Form-36. 

Results 
The overall score for negative impact on social functioning was 22.2. This was 
46.7 for the esthetic satisfaction of the reconstructed leg and 57.1 for the donor 
site. No significant differences were seen between patients who underwent a 
reconstruction with a fasciocutaneous flap compared to a muscle flap. Secondary 
surgical procedures for improving the esthetic aspect were performed in 12% of the 
patients in the fasciocutaneous group and 0% in the muscle group. 

Conclusion 
Our results show that the most optimal esthetic outcome is not defined by the 
type of flap. We found a strong correlation between physical functioning and the 
negative impact on social functioning that a reconstructed lower extremity may 
have. The result of this study can be taken into consideration during the shared 
decision-making process of choosing the most optimal reconstruction. 
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INTRODUCTION 

The incidence of open tibia fractures is 3.4 per 100,000, most commonly in young 
men and older women.1 In severe open fractures, soft tissue coverage is often 
inadequate, leaving the surgeon and the patient with the difficult decision of whether 
to amputate or salvage the leg. Local reconstructive techniques are often insufficient 
to adequately cover the vital structures, and in these instances a microsurgical free 
tissue reconstruction is required. 

Microsurgical free tissue transfers can be designed in a variety of ways. The two 
most common types of free tissue transfers used for lower-extremity reconstruction 
are either a fasciocutaneous flap or a muscle flap. Both types of free flaps are 
equally effective in achieving the goal of covering vital structures and salvaging 
the lower extremity.2-6 Despite the fact that research conducted in the field of lower-
extremity reconstruction is complicated by a very heterogenous patient population, 
no clear evidence has been published that favors either a fasciocutaneous or a 
muscle flap in terms of long-term physical function.2-6  

Few studies have been published comparing the esthetic outcomes of 
fasciocutaneous versus muscle flaps after lower-extremity reconstructions. 
The purpose of this study is to compare the patient-reported esthetic outcomes of 
lower-extremity reconstructions with a fasciocutaneous flap versus reconstructions 
with a muscle flap. This information can help in the process of shared decision-
making. 

METHODS 

Study design and setting 
We retrospectively identified all adults who had a free flap lower-limb reconstruction 
at the UMC Utrecht, Maastricht UMC, Medisch Spectrum Twente, or Radboud UMC 
between 2003 and 2021. Patients eligible for inclusion had received a microsurgical 
leg reconstruction using a free fasciocutaneous or free muscle flap, were 16 years or 
older at the time of surgery, and had a follow-up of at least 12 months after surgery. 
Exclusion criteria were as follows: a mental or physical inability to read, understand, 
or complete the questionnaires; the contact information was not correct anymore 
or the patient was deceased; and a patient had an insufficient comprehension of 
the Dutch language. All patients were recruited in October and November 2022. 
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Participants 
Eligible patients were informed about the study by phone. The participants 
completed the questionnaires electronically on a secured web-based clinical data 
management platform (Castor EDC, Amsterdam, the Netherlands). 

Primary objective 
Patient-reported outcomes were assessed using a standardized questionnaire 
containing 5-point Likert scale question, that we designed. The questions were 
divided into three groups base: Aesthetics of the reconstructed leg, aesthetics of 
the donor site, and social functioning (Appendix S1). The scores range from 0 to 
100 with higher scores representing larger negative impact on social functioning 
and greater esthetic satisfaction on the reconstructed leg and donor site. 

Secondary objectives 
Patient demographics, comorbidities, and tobacco use were retrieved from the 
electronic medical files. Surgery-related characteristics included time since surgery, 
affected side, cause and location of defect, which free flap was used, flap revision 
(including for esthetics), and flap/donor site complications. If available, the Gustilo–
Anderson classification was recorded.7 Participants were grouped into two different 
groups based on the type of flap that was utilized for the reconstruction: group 1 
(fasciocutaneous flaps) or group 2 (muscle flaps). 

To measure the physical functioning of the patients we used the PCS of the SF-36 
(2nd version).8,9 The 36-Item Short Form Survey is a self-reported questionnaire for 
health-related quality of life, containing eight different scales and two component 
scores: the physical component summary (PCS) and the mental component survey 
(MCS) scores. This score ranges from 0 to 100, with a higher score indicating 
greater physical function. The PCS and the MCS were calculated in an oblique 
fashion using the normative SF-36 scores for the Dutch population and the 
coefficients for the Dutch population.10

Ethical approval 
Participants provided verbal and subsequently written informed consent. This 
study was approved by the Dutch Medical Research Ethics Commission (reference 
number 22/761 METC NedMec). 

Statistical analysis 
The study population was divided into two groups based on the flap used for 
reconstruction: fasciocutaneous and muscle flaps. Patient and surgery-related 
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variables were summarized using descriptive statistics and presented as means 
or medians with interquartile ranges or numbers with percentages, respectively. 
We assessed potential differences in baseline characteristics and surgical 
characteristics (Tables 1 and 2) using one-way analysis of variance (ANOVA). 
Mean SF-36 PCS and MCS were compared between patient groups using one-way 
ANOVA. Independent sample student's t-tests were used to analyze differences in 
outcomes among the two groups. Pearson correlation coefficients were computed 
to assess the linear relationships between social functioning scores and SF-36 
PCS and MCS scores. Two-sided values of p < 0.05 were considered statistically 
significant. All statistical analyses were conducted using the statistical software 
IBM SPSS version 29.

RESULTS 

Patient characteristics 
Between January 2003 and December 2021, a total of 206 patients were identified. 
Among them, 106 patients were excluded because the contact information was 
not up-to-date anymore or the patients were deceased. A total of 100 patients 
were included in the study and 89 responded to the questionnaires. Sixty-two 
patients received a microsurgical lower-extremity reconstruction using a free 
fasciocutaneous flap and twenty-seven using a free muscle flap. All patient 
characteristics are shown in Table 1. Median age was 59 (IQR: 48–66) years for 
group 1 and 61 (IQR: 43–70) years for group 2 and the median follow-up was 4.1 
(IQR: 2.5–5.9) and 6.0 (IQR: 2.8–7.9) years, respectively (Table 1). 
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  Group 1: Fasciocutaneous Group 2: Muscle p-value

Patients, N 69 31

Sex, N (%)

Male 50 (73) 24 (77) 0.606

Female 19 (28) 7 (23)

Age in years, median (IQR) 59 (48-66) 61 (43-70) 0.777

BMI, median (IQR) 26.6 (23.6-29.2) 27.8 (24.4-29.4) 0.633

Years since surgery, median (IQR) 4.1 (2.5-5.9) 6.0 (2.8-7.9) 0.464

Comorbidities, N (%)

Current smoker 8 (12) 7 (23) 0.158

Smoking history 25 (36) 6 (19) 0.093

Hypertension 17 (25) 7 (23) 0.826

Cardiovascular disease 9 (13) 4 (13) 0.985

Diabetes Mellitus 6 (9) 1 (3) 0.326

Hospital, N (%)

Maastricht UMC 39 (57) 1 (3) <0.001

Medisch Spectrum Twente 4 (6) 3 (10)

Radboud UMC Rotterdam 11 (16) 6 (20)

UMC Utrecht 15 (22) 21 (68)

Table 1 Patient characteristics 

Surgical characteristics 
Table 2 shows the surgical characteristics of the patients included in our study. 
In the majority of patients, a trauma was the cause of the defect in both groups 
(72% in group 1 vs. 87% in group 2). The anterolateral thigh flap was utilized most 
often in group 1 (70%) and for group 2, this was the gracilis muscle flap (48%). 
The Gustillo classification was unknown/did not apply in 67% of the patients in 
group 1% and 77% in group 2.



7

121

Esthetic outcomes after lower extremity free flap reconstruction 

  Group 1: 
Fasciocutaneous

Group 2: 
Muscle 

p-value

Patients, N 69 31

Reconstructions, N (%)

Primary 61 (88) 24 (74) 0.158

Secondary 8 (12) 7 (23)

Location defect, N (%)

Knee 2 (3) 2 (6) 0.063

Lower leg 41 (59) 21 (68)

Ankle 6 (9) 6 (19)

Heel 8 (12) 2 (6)

Foot 12 (17) 0 (0)

Cause of defect, N (%)

Recent trauma (within 6 weeks) 19 (28) 6 (19) 0.620

Trauma in the past 31 (45) 21 (68)

Vascular disease 3 (4) 1 (3)

Malignancy 10 (15) 1 (3)

Other cause 6 (9) 2 (7)

Type of free flap, N (%)

Gracilis flap 0 (0) 15 (48)

Latissimus dorsi flap (LD) 0 (0) 12 (39)

Rectus abdominis flap 0 (0) 3 (10)

Vastus lateralis flap 0 (0) 1 (3)

Anterolateral thigh flap (ALT) 48 (70) 0 (0)

Free radial forearm flap (FRFF) 14 (20) 0 (0)

Deep inferior epigastric perforator flap (DIEP) 2 (3) 0 (0)

Parascapular flap (PS) 2 (3) 0 (0)

Superficial circumflex iliac artery perforator flap 
(SCIP)

2 (3) 0 (0)

Thoracodorsal artery perforator flap (TDAP) 1 (1) 0 (0)

Gustillo classification, N (%)

2 5 (7) 1 (3) 0.349

3A 5 (7) 0 (0)

3B 4 (6) 5 (16)

3C 3 (4) 0 (0)

3 (unspecified) 6 (9) 1 (3)

Unknown/does not apply 46 (67) 24 (77)  

Table 2 Surgery characteristics
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Esthetic outcomes 
No significant differences were found between group 1 and group 2 for any of 
the grouped esthetic outcomes: esthetic outcomes of the reconstructed leg 
(p = 0.675), esthetic outcomes of the donor site (p = 0.814), or social functioning 
(p = 0.181). Figure 1 shows an example of a lower-leg reconstruction with a 
fasciocutaneous flap vs. a muscle flap. Figure 2 shows the patient-reported 
outcomes. 

Figure 1 Example of pretibial lower leg reconstruction with a fasciocutaneous flap (ALT) vs. a 
muscle flap (gracilis).
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Figure 2 Patient-reported outcomes fasciocutaneous versus muscle flaps.

Patients rated the esthetics of their reconstructed extremity with a mean score of 
46.0 in group 1 (fasciocutaneous) and with 48.3 in group 2 (muscle). The mean 
score given to the esthetics of the donor site in group 1 was 56.7 vs. 58.1 in group 
2. The negative impact on social functioning was low for both groups: 24.0 (group 
1) vs. 18.1 (group 2). Eight patients (12%) in group 1 (fasciocutaneous) needed 
revision surgery for purely an esthetic improvement vs. 0 patients (0%) in group 2 
(muscle) (Figure 3).
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Figure 3 Patients who were operated to improve the aspect of the flap.

Physical functioning and mental health 
No significant differences were found between the groups regarding SF-36 
PCS and MCS scores, results are presented in Table 3. For group 1, there were 
significant negative correlations between social functioning scores and SF-36 PCS 
(r = −0.353, p = 0.005) and MCS scores (r = −0.376, p = 0.003). For group 2, there was 
a significant negative correlation between social functioning and SF-36 PCS scores 
(r = −0.457, p = 0.017) but no significant relationship between social functioning and 
MCS scores (r = −0.19, p = 0.925). 

Variables Group 1: Fasciocutaneous Group 2: Muscle p-value

Physical component summary 43.8 ± 10.3 44.4 ± 9.6 0.799

Mental component summary 50.6 ± 9.8 49.9 ± 9.5 0.790

All values are presented as means ± SD. 
Table 3 Mean 36-Item Short-Form Health Survey (SF-36) physical and mental component summary scores 
per group based on free flap used.

DISCUSSION 

Lower-extremity reconstruction can be very challenging, and the primary goal of 
the surgery is to salvage the lower leg and optimize function. As the primary goal 
is to save the lower leg from amputation, esthetic outcomes are less important. 
The frequency and therefore, the ease and experience of microsurgical free tissue 
transfers has increased among microsurgeons over the last decade. The concept 
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of the “reconstructive ladder” is slowly being replaced by the “reconstructive 
elevator”, as a free tissue transfer gives the reconstructive surgeon more freedom in 
choosing the tissue that best fits the defect to be reconstructed. The type of free flap 
(fasciocutaneous, muscular, or a combination) used in a lower-leg reconstruction 
has a direct impact on the final esthetic outcome and should therefore be an 
important aspect to consider in the reconstructive design. 

Both fasciocutaneous flaps and muscle flaps have advantages and disadvantages. 
In this study, no significant differences were found in the esthetic aspect of the 
reconstructed leg between patients who underwent fasciocutaneous reconstruction 
and those who underwent muscle flap reconstruction. Seyidova et al. recently 
conducted a similar but slightly smaller study than our current study.11 Apart from 
their finding that patients were more satisfied with the texture of fasciocutaneous 
flaps, they also found no significant differences between fasciocutaneous flaps 
and muscle flaps. To our knowledge, other than the study by Seyidova et al., 
no other studies have been conducted with the primary aim of evaluating the 
esthetic outcomes of free flap in lower-leg reconstructions. Our study adds to 
the growing body of evidence that both fasciocutaneous and muscle flaps have 
similar satisfactory esthetic outcomes for the reconstructed limb. We believe that 
achieving the most optimal esthetic outcome is not defined by the type of flap 
(fasciocutaneous vs. muscle), but by the patient’s body type, comorbidities, and 
reconstructive needs. We would also like to emphasize that this choice should be 
a shared decision between the physician and the patient, taking into account the 
expected esthetic outcome. A “one flap type fits all” approach should be avoided, 
given the versatility offered by the wealth of possible flap types.  

In addition to the esthetic outcomes of the reconstructed lower extremity, we also 
assessed the esthetic outcomes of the donor site. We did not find any significant 
differences between the donor sites of fasciocutaneous flaps and muscle flaps. 
Seyidova et al. also evaluated the donor site in their recent study and also found 
no differences between the two types of flaps.11 McLeod et al. conducted a survey 
of 287 healthy undergraduate students in which they asked the participants what 
type of donor site scars they would prefer, based on illustrations, in the event that 
they needed free flap reconstruction.12 The conclusion of their survey was that the 
respondents preferred donor site scars on the back and inner/upper thigh overall 
other locations.12 Another similar study, utilizing a similar survey in head and neck 
oncology patients, also concluded that patients preferred donor sites (upper thigh 
and back) that were easier to cover with clothing.13 It should be noted that all 
of the patients included in our study had a donor site defect that was primarily 
closed. Therefore, we did not include any fasciocutaneous donor site defects that 
required skin grafting. We believe that in very large defects, a muscle flap (such 
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as a latissimus dorsi flap) is a better choice from an esthetic standpoint than a 
fasciocutaneous flap of which the donor site cannot be closed primarily. 

Another aspect that we evaluated in our current study is the potential negative 
impact of a reconstructed lower leg on their social functioning. We did not find 
any significant differences in the negative impact on social functioning between 
patients who were treated in the past with a fasciocutaneous flap vs. a muscle 
flap. We are not surprised that we did not find a difference between the two flap 
types, however, of more importance is that we did find a negative impact on social 
functioning overall. With a mean score of 24.0 (group 1) and 18.1 (group 2) out of a 
100, the negative impact is fairly low; however, should not be ignored. It is known 
that patients can feel ashamed of the reconstructed limb and this may lead to 
isolation and distress.14 O’Toole et al. published an article based on the Lower 
Extremity Assessment Project database in 2008 concluding that mental health 
(presence of depression) is an important independent factor in patient satisfaction.15 
A meta-analysis assessing risk factors for developing affective disorders after 
open lower-limb fracture concluded that in addition to the medical and surgical 
care, the psychological needs will need to be addressed in order to deliver holistic 
care.16 Positive effects on recovery, following appropriate management of the 
psychological illness, have already been observed for head injuries and critical 
illness.17,18 Based on our study the esthetic outcomes may have a negative impact 
on the social functioning and therefore it further supports the importance of 
implementing psychological support as standard of care to patients with a severe 
lower-leg injury to be able to address this. 

An important finding from our current study is that 8 of the 69 patients (12%), who 
underwent a reconstruction with a fasciocutaneous flap, required a revision surgery 
at a later stage to enhance the appearance of the flap. In contrast, none of the 
patients who had a reconstruction with a muscle flap required such a procedure. 
Our rate of 12% is lower than several studies in the literature that reported revision 
rates between 14 and 29%.11,19-21 Of all the possible fasciocutaneous flaps available, 
the anterolateral thigh (ALT) flap has become the workhorse flap in lower-extremity 
reconstruction. The ALT flap is a great and reliable reconstructive option for many 
reasons. Although it can be harvested as an ultrathin flap, the ALT can be quite thick 
and bulky. Like our study, Nelson et al. and Hui-Chou et al. also reported that most 
of their secondary revision surgeries were debulking procedures in patients who 
underwent ALT flap reconstruction.19,20 It should be noted, however, that these higher 
revision rates with ALT flaps may also be biased by the fact that ALT flaps are strong 
and sturdy flaps that can withstand these revisions very well. Although muscle 
flaps tend to be bulky in the early postoperative period, they become atrophic and 
therefore thinner over time. The potential need for a secondary surgical procedure, 
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and the challenging nature of performing such a procedure in the case of a muscle 
flap, should be taken into consideration during the shared decision-making process 
in choosing which type of free flap suits the patient best.

We did not find any differences in physical functioning (PCS) or mental health 
(MCS) between patients who had a reconstruction with a fasciocutaneous versus 
a muscle flap. We did find a strong correlation between the negative impact on 
social functioning and the PCS and MCS for group 1 and PCS for group 2. It is 
unsurprising that we found this strong correlation. It however does raise the question 
if the lower physical functioning is responsible for the lowered mental health and 
subsequently for the higher negative impact on social functioning, or if this is the 
other way around. A study of 385 participants with lower-limb injuries showed that 
42% (n = 161) suffered from a potential psychological disorder measured through 
screening questionnaires 2 years after injury and almost one-fifth of the people 
reported to have severe phobic anxiety and/or depression.22 Wegener et al. found 
that higher levels of negative affect predict lower levels of functioning at subsequent 
periods during recovery from lower-extremity trauma, and they concluded that 
more attention needs to be paid to issues like anxiety and depression to maximize 
the function and quality of life in persons with injuries.23 Our current study further 
supports in implementing psychological support as standard of care to patients 
with a severe lower-leg injury. Future study can assess if addressing mental health 
leads to improve physical function.

There are limitations regarding the study, including its retrospective design, the 
inherent heterogeneity of patients undergoing lower-leg reconstruction and the 
cause of the defect, and the influence of surgeon preference bias on reconstructive 
decision-making. Despite the fact that the majority of the patients included in this 
study had a traumatic injury as the cause for their lower-extremity defect, we were 
not able to retrieve the Gustilo–Anderson classification from the Electronic Health 
Records due the fact that this information was missing or that we were not able 
to retrospectively classify the patients in the right category. This study is further 
limited by the fact that we designed the 5-point Likert style patient-reported outcome 
measurement questionnaire ourselves and did not use an officially validated 
questionnaire. The only validated questionnaire available worldwide that could have 
been used to partially address our study objectives would have been the Limb-Q.24 
We were unable to use the Limb-Q because no officially validated translation into 
Dutch was yet available in the Netherlands at the time of performing this study. 
A systematic review by Mundy et al. also concluded that, apart from the Limb-Q, 
no other validated patient-reported outcome measurement questionnaire for lower 
extremity esthetics is currently available.25 
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CONCLUSION 

Our results show that the most optimal esthetic outcome is not defined by the type 
of flap (fasciocutaneous vs. muscle). A “one flap type fits all” approach should be 
avoided, given the versatility offered by the wealth of possible flap types. Based 
on our study the esthetic outcomes may have a negative impact on the social 
functioning and therefore it further supports the importance of psychological support 
as standard of care to patients with severe lower-leg injury to be able to address 
this. Furthermore, we found a strong correlation between physical functioning and 
the negative impact on social functioning that a reconstructed lower extremity may 
have. The result of this study can be taken into consideration during the shared 
decision-making process of choosing the most optimal reconstruction and it adds to 
the growing body of knowledge that physical health and mental health are strongly 
correlated. 
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SUPPLEMENTARY MATERIAL 

Appendix S1 Esthetics questionnaire 
Instruction: 

The following statements relate to the appearance and aspect of your reconstructed 
leg and the area from which the free flap was taken (donor site) and the influence 
of the reconstructed leg on your social functioning. 

Please check a box for each statement that best represents your opinion and 
experience. 

Not at all 
(0)

Slightly 
(1)

Moderately 
(2)

Very 
(3)

Extremely 
(4)

Aesthetics of the reconstructed leg

1.How satisfied are you with the overall 
appearance of the reconstructed area?

2.How satisfied are you with the scars of the 
reconstructed area?

3.How satisfied are you with the colour of the 
reconstructed area?

4.How satisfied are you with the shape of the 
reconstructed area?

5.How satisfied are you with the contour of the 
reconstructed area?

6.How satisfied are you with the thickness of 
the reconstructed area?

7.How satisfied are you with the number of 
irregularities (bumps/imperfections) in the 
reconstructed area?

Aesthetics of the donor site

8.How satisfied are you with the overall 
appearance of the area from which the free 
flap was taken? (donor site)

9.How satisfied are you with the scar from 
where the free flap was taken? (donor site)

10.How satisfied are you with the colour of 
the area from which the free flap was taken? 
(donor site)

11.How satisfied are you with the shape of the 
area where the free flap was taken? (donor 
site)

12.How satisfied are you with the contour of 
the area from which the free flap was taken? 
(donor site)

13.How satisfied are you with the thickness of 
the area from which the free flap was taken? 
(donor site)
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Not at all 
(0)

Slightly 
(1)

Moderately 
(2)

Very 
(3)

Extremely 
(4)

14.How satisfied are you with the number of 
irregularities (bumps/imperfections) in the area 
from which the free flap was taken? (donor 
site)

Social functioning

15.Are you ashamed of the appearance of 
your reconstructed leg?

16.To what extent does the aspect of your 
reconstructed leg negatively affect your sexual 
functioning?

17.To what extent does the aspect of your 
reconstructed leg negatively affect your work 
or finding a job?

18.To what extent does the aspect of your 
reconstructed leg negatively affect your social 
functioning?

19.Do people sometimes react negatively to 
the aspect of your reconstructed leg?

20.To what extent does the aspect of your 
reconstructed leg make you feel insecure?

21.To what extent does the aspect of your 
reconstructed leg negatively affect your 
relationship or finding a partner?
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ABSTRACT 

Background  
Controlled, gradually increased venous pressure exposure of lower extremity free 
flaps (dangling) is common, based on the assumption that this reduces (partial) flap 
loss. Dangling protocols potentially increase length of hospital stay and resource 
utilization. We investigated whether: (1) the proportion of partial flap loss 6 weeks 
after lower extremity free flap reconstruction is non-inferior after uncontrolled 
exposure compared to gradually increased venous pressure exposure; (2) there is 
a difference in length of hospital stay and major or minor adverse events 3 months 
after surgery. 

Materials 
For this multicenter randomized controlled trial patients who underwent lower 
extremity free flap reconstruction were included. Seven days after surgery 39 were 
randomized to dangling and 36 mobilized without limitations. Partial flap loss was 
assessed 6 weeks after surgery (primary outcome), length of stay, and major and 
minor adverse events 3 months after surgery. An absolute increase of 12% partial 
flap loss was considered inferior. 

Results 
Uncontrolled exposure was non-inferior to controlled, gradually increased venous 
pressure exposure (absolute risk difference: 2.4%, 95% CI -10%-15%, partial flap 
loss dangling: 5.1% (n=2) vs. non-dangling: 2.8% (n=1)). There was no difference 
in length of stay and major or minor complications. 

Conclusion 
Seven days after surgery, dangling the lower extremity after free flap reconstruction 
seems unnecessary. Surgeons and patients can consider forgoing a formal dangling 
protocol at that time. Future research is warranted to assess whether forgoing 
dangling is also safe earlier after free tissue transfer possibly reducing length of 
hospital stay and resource utilization. 
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INTRODUCTION 

Free vascularized tissue transfers with microsurgical arterial and venous 
anastomoses are commonly performed to reconstruct defects that cannot be 
covered reliably with local tissue or skin grafts and that are not amendable to 
secondary wound healing. In microsurgical lower extremity reconstruction, there 
is concern that uncontrolled exposure of the free flap to gravity in the days after 
surgery impedes venous outflow, resulting in venous stasis and subsequent (partial) 
loss of the free flap. 

Consequently, a ‘dangling’ protocol is commonly recommended after free flap 
surgery.1-4 Generally, a few days after the free flap reconstruction the lower extremity 
is exposed to gravity for a gradually increasing amount of time by hanging it down 
under controlled circumstances. Since this often involves hanging the lower limb 
off the side of the bed, this is colloquially referred to as ‘dangling’. Worldwide 
there are many different protocols with varying start days after surgery, frequency, 
and duration.1-4  Some report not to use dangling at all.2,3 In general, gradually 
increased venous pressure exposure is performed in the hospital and therefore 
may extend hospital stay, resource utilization, and increase costs. To date there are 
no randomized controlled trials that have shown that gradually increased venous 
pressure exposure reduces free flap complications. 

Therefore, the primary aim of this study was to investigate whether: (1) the proportion 
of partial flap loss 6 weeks after lower extremity free flap reconstruction is non-
inferior after uncontrolled exposure compared to controlled, gradually increased 
venous pressure exposure; and (2) there is a difference in length of hospital stay 
and major or minor adverse events 3 months after surgery? 

METHODS 

Trial design 
This is a non-inferiority randomized controlled trial. Patients were recruited from 
four urban academic hospitals: University Medical Center Utrecht (UMC), Erasmus 
MC Rotterdam, Maastricht UMC, and UMC Groningen. All patients aged 16 to 99 
years who underwent primary, single microvascular free tissue transfer to the lower 
extremity were offered participation in the period between 2018 and 2023 before 
postoperative day (POD) 5. Type of free flap selection and operative technique were 
left at the discretion of the operating surgeon. Exclusion criteria were: insufficient 
Dutch language proficiency, mental disability, and co-morbidities that prevented 
gradually increased venous pressure. The full study protocol has been explained 
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in detail previously.5 After obtaining informed consent, patients were randomized 
before POD 5. In the event of microsurgical takeback after the index surgery, the 
day following re-intervention was registered as POD 1. Patients were randomly 
assigned to either gradually increased venous pressure (dangling) or unrestricted 
venous pressure (no dangling) using a computer program (Castor EDC, Amsterdam, 
the Netherlands). The randomization was stratified by medical center. 

Interventions 
Before POD 7, all patients kept their leg horizontally in bed or in a wheelchair. 
Patients randomized to gradually increased venous pressure (dangling) positioned 
their lower leg vertically starting on the 7th day after surgery. The lower leg was 
positioned vertically over the edge of the bed, 3 times per day for a specified 
duration. The duration increased each day until restrictions were lifted on POD 13 
(Table 1). During vertical positioning the free flap was wrapped with a compression 
bandage which is further discussed below. Patients were not discharged from the 
hospital until restrictions were lifted. The dangling protocol in this study resulted 
from a merger of the existing dangling protocols at the participating centers. After 
merger, all hospitals adhered to the same protocol. There we no protocol deviations.

Postoperative day Duration of dangling 3 times a day

7 5 minutes

8 10 minutes

9 20 minutes

10 30 minutes

11 45 minutes

12 60 minutes

13 unlimited

Table 1 Dangling protocol for patients in the dangling group

Patients randomized to unrestricted dangling were allowed to dangle, stand or walk, 
accounting for fracture weight bearing status if applicable, for an unlimited time 
starting on POD 7. At this point, patients could be discharged from the hospital and 
the wrapping of the leg was started. From POD 7 to POD 14 patients in this group 
carried a step counter and they kept track of the time spent standing or sitting with 
their leg down. Discharge was left at the discretion of the treating physician, outside 
of the study protocol. 

Patients in both groups were treated with the same wrapping technique. During 
vertical placement the free flap was wrapped with a compression bandage 
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(Tubigrip®, Mölnlycke health care BV, Utrecht, the Netherlands). The wrap consists 
of a circumferential fabric (like a tubular stockinette) that slides up the limb. 
Depending on the size of the limb, the circumference of the wrap is determined. 
The sub-bandage pressure varies between 5 and 30 mmHg depending on the 
circumference of the limb.6 The wrap initially is applied by a nurse or physician, 
who teaches the patient how to apply it themselves.

Outcomes 
The rationale for controlled gradually increased venous pressure exposure of 
a lower extremity free flap is to prevent delayed venous congestion. Since late 
transient venous congestion most likely leads to partial flap loss, our primary 
outcome was the presence or absence of any partial flap necrosis at 6 weeks after 
surgery. Partial flap loss was defined in our study protocol as major partial flap 
loss (in case a second free flap, or another surgical intervention was necessary for 
closure of the defect), or as minor partial flap necrosis (in case secondary healing 
of the wound resulted in a closed defect). 

Secondary outcomes included major and minor adverse events and length of 
hospital stay at 3 months after surgery. Major adverse events were defined as 
complete flap loss, pulmonary embolism and partial flap loss in case a second free 
flap was indicated. Screening for pulmonary embolism was only performed if there 
was a clinical suspicion. Minor adverse events included surgical site infections 
(defined as administering an antibiotic in case of clinical signs of an infection), 
split thickness skin graft survival less than 95%, and the presence of a wound 
(other than partial flap loss) at 3 months after surgery. The presence of a wound 
and percentage of skin graft take were assessed by any of the physicians working 
at the department of plastic surgery in the participating hospital. Some of these 
physicians were involved in the study, but most were not. 

Other variables 
At the time of inclusion, we recorded patient demographics, comorbidities, tobacco 
use, etiology of the lower extremity defect, Gustilo classification if applicable, 
surgical details (type of osteosynthesis material and whether it got exchanged), 
local antibiotics, duration of preoperative wound care since the date of trauma, 
flap type, anastomosis details (type of anastomosis and whether a second venous 
anastomosis was made), and wound culture results.7 Any prophylactic anticoagulants 
were continued throughout the study period. If the risk of thrombosis was deemed 
low by the treating physicians, therapeutic dose anticoagulants were stopped 
before surgery. In case of substantially increased risk of thrombosis, the patient 
was switched to therapeutic dose low molecular weight heparin until the day of 
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surgery. All participants received at least prophylactic LMWH during hospitalization, 
which is standard of care for all patients hospitalized in the Netherlands. No new 
anticoagulants were started after the free flap surgery. 

Sample size calculation 
A previous systematic review reported a partial flap loss rate of 6%.8 Being mindful 
of the available resources, we selected an absolute increase of 12% as clinically 
meaningful and a reason to continue the practice of dangling. To detect this non-
inferiority margin with 80% power and a two-sided 95% confidence interval (CI) 
and 5% estimated lost to follow up, we aimed to include 130 patients. Interim 
analyses were scheduled at the inclusion of 40 and 65 patients to assess whether 
patients who were randomized to the not dangling group experienced more major 
complications or incidents of partial flap necrosis. At our second interim analysis, 
we reached the primary study objective of equivalence in partial flap loss after the 
inclusion of 74 patients and therefore we terminated the study after approval of the 
METC (Dutch Medical Research Ethics Commission).

Statistical analysis 
Patient and surgery characteristics were summarized using descriptive statistics 
and presented as medians with interquartile ranges or numbers with percentages. 
Group differences were tested using Mann-Whitney U tests or Fisher’s exact tests. 
We calculated the absolute risk differences in incidence of partial flap loss between 
groups. A non-inferiority analysis was conducted by calculating the confidence 
intervals of differences in proportions using the Agresti-Caffo method.9 There are 
various methods for calculating confidence intervals of risk differences, the Agresti-
Caffo method is specifically robust when the event rate is low and less susceptible 
to the subsequent violation of assumption of normality – as is the case in our 
study. Interim analysis was performed three times using the Pocock boundary.10 
The Pocock boundary is characterized by a fixed boundary of non-inferiority (as 
determined in our power analysis).11 We chose this method in favor of varying 
boundaries used in other methods because varying boundaries might have resulted 
in even larger confidence intervals. If the lower limit of the 95% (97.79% with Pocock 
boundary) CI falls within 12%, this was regarded as a non-inferior difference. Non-
significant results may not be interpreted as the absence of a difference, because 
with a larger sample size a difference may still be found. Bayes factor quantifies 
the probability of a difference between trial groups. We calculated the Bayes factor 
for all comparisons using uninformative priors. A Bayes factor between 1 and 3 
indicates weak evidence that there likely is no difference. We also performed a 
fragility analysis by modeling the number of events of partial flap loss required 
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in each group to find a significant difference favoring either group.12 Statistical 
analyses were conducted using the statistical software SPSS version 29 (IBM, 
Armonk, New York, USA.

Study ethics 
The study was approved by the METC (Dutch Medical Research Ethics Commission) 
in the Netherlands on 11 July 2018: NL63146.041.17 and registered with the Dutch 
Trial Register (registration number NTR 7545). The handling of personal data 
was performed in compliance with the Dutch Personal Data Protection Act and in 
compliance with Good Clinical Practice guidelines. Informed consent forms from all 
study participants were recorded at every hospital in the electronic patient file and 
signed paper forms were securely locked up within the hospital where the patient 
underwent treatment. The study was monitored by an independent monitoring 
company (Julius Clinical, Zeist, the Netherlands) according to a detailed monitoring 
plan. 

RESULTS 

Patient characteristics 
Between 2018 and 2023, 80 participants were included (Figure 1). Five participants 
were excluded from the primary postoperative treatment protocol (n=1 non-dangling, 
n=4 dangling), because they developed total or partial flap necrosis before the start 
of the study on POD 7; two could still be included in the analysis of secondary 
outcomes. The other 3 could not be included anymore due to total flap loss before 
the study started (n=2) or because the patient withdrew from the study (n=1). 
We included 39 people in the dangling and 36 in the non-dangling cohort. Baseline 
characteristics were well balanced, except that the dangling group included 2 (5%) 
tobacco users vs. 8 (21%) in the non-dangling group (Table 2). Step count and 
self-reported minutes of dangling in the non-dangling group suggest an increased 
activity between POD 7 and 11 compared to dangling participants (Figure 2). 
The most important surgical characteristics can be found in Table 3. 
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    Dangling group Non-dangling group

Patients, N 39 36

Sex, N (%)    

Male 25 (64%) 25 (69%)

Female 14 (36%) 11 (31%)

Age in years, median (IQR) 58 (46 - 71) 57 (44 - 65)

Comorbidities, N (%)    

Current smoker 2 (5%) 8 (22%)

Smoking history 13 (33%) 14 (39%)

Hypertension 7 (18%) 8 (22%)

Cardiovascular disease 8 (21%) 8 (22%)

Diabetes Mellitus 5 (13%) 3 (8%)

Cause of defect, N (%)  

Recent trauma (within 6 weeks) 14 (36%) 16 (44%)

Trauma in the past 14 (36%) 13 (36%)

Chronic wound 5 (13%) 2 (6%)

Infection 1 (3%) 3 (8%)

(Chemical) burn injury 2 (5%) 0 (0%)

Malignancy 2 (5%) 2 (6%)

Other 1 (3%) 0 (0%)

Center    

UMC Utrecht 10 (26%) 9 (25%)

Erasmus MC 10 (26%) 9 (25%)

Maastricht UMC 16 (41%) 15 (42%)

UMC Groningen 3 (8%) 3 (8%)

Table 2 Patient characteristics for the primary and the secondary objectives.  
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Figure 2A Mean number of steps in the non-dangling group; B: self-reported mean minutes of 
dangling for non-dangling participants compared to the dangling group between post-operative 
days 7 and 13.
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    Dangling group Non-dangling group

Flap type  

Fasciocutaneous 19 (49%) 19 (53%)

Muscle 15 (39%) 14 (39%)

Adipofascial 1 (3%) 0 (0%)

Chimeric 4 (10%) 3 (9%)

Type of arterial anastomosis    

ETE 23 (59%) 22 (61%)

ETS 15 (39%) 11 (31%)

Flow through 1 (3%) 2 (6%)

Graft 0 (0%) 1 (3%)

Type of venous anastomosis    

ETE 38 (97%) 36 (100%)

ETS 1 (3%) 0 (0%)

Venous anastomosis  

One vein 30 (77%) 32 (89%)

  Two veins 9 (23%) 4 (11%)

ETE: End to End; ETS: End to Side 
Table 3 Surgical characteristics for the primary and the secondary objectives.  

Primary objective 
In the dangling group, 2 participants (1 muscle flap and 1 chimeric flap) and in the 
non-dangling group 1 participant (muscle flap) developed partial flap necrosis, 
leading to an absolute risk difference of 2.4% (95% confidence interval (CI) -10.4% 
to 14.5%). This is below the absolute increase of -12% and within the non-inferiority 
margin for this study (Table 4).

Secondary objectives 
There were no major complications in both groups. Additionally, there were no 
differences in surgical site infection, presence of a wound at 3 months after surgery, 
or the percentage of SSG ingrowth (Table 4). Finally, there was also no difference 
in median length hospital stay in days after the surgery,

Sensitivity analyses 
We found a Bayes factor between 1.3 and 1.7 for all comparisons, indicating weak 
evidence that there likely is no difference. We found that 7 more events (absolute 
risk difference -20.3% (CI: -36.6% to -1.7%)) of partial flap loss in the dangling group 
and 8 more events (absolute risk difference 19.9% (CI: 0.2% to 37.8%)) in the non-
dangling group would result in a significant difference in partial flap loss. 
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        Dangling Non-
dangling

Absolute risk 
difference

p-value Bayes 
factorD 
(BF01)

Primary objective, N (%)A        
Partial flap necrosis 2 (5.1%) 1 (2.8%) -2.4% (-15% to 10%) 1.0 1.4
Revision surgery for partial 
flap necrosis 

0 (0) 0 (0) 0 - 1.3

Days hospitalized after surgery, 
median (IQR)

14 (11 - 16) 13 (10 - 18) - 0.87  

Major complications, N (%)        
Complete flap necrosis 0 (0) 0 (0) 0 - 1.3
Pulmonary embolism 0 (0) 0 (0) 0 - 1.3

Minor complication, N (%)        
Surgical site infection 9 (23.1%) 12 (31.6%) 8.5% (-12% to 28%) 0.45 1.7

Percentage SSG ingrowth, N (%) B        
< 95% 7 (35.0%) 8 (47.1%) 12.1% (-19% to 41%) 0.52  

Presence of wound on flap (after 3 
months), N (%)C

8 (21.1%) 12 (31.6%) 10.5% (-9% to 29%) 0.44 1.4

A Primary study objective, dangling n=39, non-dangling n=36, 10% is within the pre-specified non-inferiority 
margin. Sample size for all other comparisons: dangling n=39, non-dangling n=38.
B Patients that underwent SSG: dangling n=20, non-dangling n=17.
C Data of one participant is missing in the dangling group.
D A Bayes factor between 1 and 3 indicates weak evidence that there likely is no difference.
Table 4 Major and minor complications, percentage SSG ingrowth, and number of days hospitalized 
after surgery.

DISCUSSION 

Despite the lack of empirical evidence, controlled gradual exposure to increased 
venous pressure of lower extremity free flaps (dangling) is still commonly used, 
based on the assumption that this may reduce (partial) flap loss. Dangling 
protocols potentially increase length of hospital stay and resource utilization.1-4 
After randomization we found that unrestricted exposure is non-inferior to controlled, 
gradually increased venous pressure exposure starting POD 7 in preventing partial 
flap loss. We found no difference in adverse events. Our results suggest that 
patients and doctors can safely consider forgoing dangling seven days after free 
flap reconstruction of the lower extremity, however, we found no difference in length 
of hospital stay. 

The findings of this study should be interpreted taking some limitations into 
consideration. First, we need to consider the probability of incorrectly concluding 
the absence of a difference (non-inferiority). The primary outcome, partial flap loss, 
occurs rather infrequently, and total flap loss is even more uncommon. As a result, a 
relatively large sample size is required to obtain narrow confidence intervals. Due to 
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limited resource regarding the potential sample size we chose a relatively high 
non-inferior margin of 12%. For example, if unrestricted venous pressure exposure 
would have resulted in an absolute increase in partial flap loss of 10%, our study 
would still have concluded that it is not inferior. However, patients and doctors may 
still prefer to dangle. Although a difference of this size is unlikely, we saw that 10% 
falls within our confidence interval and therefore cannot be completely excluded. 
However, since the occurrence of partial and total flap loss is low, and our study 
does show that any potential difference between dangling and non-dangling is 
small, dangling would require a large number needed to treat to have any remaining 
small potential effect, making it unlikely to be worthwhile. Second, we terminated 
the study early when we reached our primary end point of a non-inferiority margin 
less than 12% during planned interim analysis. Continuing the trial would have 
resulted in narrower confidence intervals and a greater confidence in the absence 
of a difference. Therefore, we deemed it appropriate to terminate the trial (at 80 
patients instead of at 130), because we would have needed to treat a high number of 
patients to detect a small, unobserved difference. Third, use of tobacco was greater 
in the non-dangling group (dangling 2 [5%] vs non-dangling 8 [22%]). Since tobacco 
use is associated with greater risk of partial flap necrosis after microsurgical tissue 
transplantations, this might have somewhat increased the risk of partial flap loss in 
the non-dangling group.13,14 This further reinforces our confidence in the obtained 
non-inferiority result. 

We found unrestricted venous pressure exposure 7 days after surgery to be non-
inferior to controlled dangling. Our results suggest that patients and surgeons can 
safely consider forgoing dangling starting POD 7 after lower extremity free flap 
reconstruction. A survey among Canadian reconstructive surgeons indicated that 
the mean POD of initiating a dangling protocol is day 6.14 Some people advocate 
dangling starting POD 3.1,16-17 Jokuszies et al. performed a small randomized 
controlled trial (n=31) comparing dangling on POD 3 with starting on POD 7, in 
addition to compression wrapping.18 They found no difference in partial flap loss 
between groups. Future research is warranted to assess whether forgoing dangling 
before POD 7 is also safe. 

We found no difference in length of hospital stay, nor in major or minor adverse 
events between dangling and not dangling. Many people only wanted to participate 
in the study if they did not have to leave the hospital earlier depending on 
randomization. This might have resulted in hesitancy in discussing discharge in 
patients randomized to the non-dangling group. Perhaps when forgoing dangling 7 
days after surgery becomes standard of care, the length of hospital stay might be 
further reduced, but this remains to be determined. The previously mentioned small 
randomized controlled trial comparing dangling on POD 3 with POD 7 reported no 
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adverse events in either group.17 We similarly had no major adverse events. Minor 
wound infections were the most common minor adverse event in either group, 
confirming safety of forgoing formal gradually increased venous pressure after 
free flap application. Furthermore, it is important to mention that 31 (42%) of the 
patients were treated because of a recent trauma or a chronic infection. These 
patients are treated in most of the participating centers initially with 2 weeks of 
intravenous antibiotics followed by 4 weeks of oral antibiotics. The intravenous 
antibiotics regimen also lengthens the hospital stay. 

CONCLUSION 

Seven days after surgery, gradually increased venous pressure exposure of lower 
extremity free flaps seems unnecessary. Surgeons and patients can consider 
forgoing a formal dangling protocol at that time. Future research is warranted to 
assess whether forgoing dangling is also safe earlier after free tissue transfer. 
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The overall aim of this thesis was to gain better insights into extremity surgery, with 
a particular focus on neuropathic pain and lower extremity reconstructions using 
free tissue transplantation. 

Part I focuses on neuropathic pain and provides findings on the anatomy of the 
infrapatellar branch and the saphenous nerve (Chapter 2). It also includes two 
systematic reviews on the prevalence of residual limb pain (RLP) and symptomatic 
neuroma after extremity amputations (Chapters 3 and 4), and the outcomes of 
extensive neurolysis followed by free muscle flap coverage in the treatment of 
therapy-resistant neuropathic pain of the ulnar nerve (Chapter 5). Part II addresses 
lower extremity free flap reconstructions and presents patient-reported outcomes, 
including comparisons between fasciocutaneous and muscle flaps (Chapters 6 and 
7). Finally, a Randomized Controlled Trial (RCT) was conducted to examine the 
postoperative care for these patients (Chapter 8). 

NEUROPATHIC PAIN IN EXTREMITY SURGERY 

Knowledge of anatomy is the cornerstone of successful peripheral nerve surgery. 
However, even when following anatomical landmarks, selective denervation of the 
infrapatellar branch of the saphenous nerve is occasionally unsuccessful.1 This 
may result in skepticism regarding the efficacy of nerve surgery in the treatment 
of neuropathic pain in general, and specifically concerning the denervation of 
the infrapatellar branch of the saphenous nerve. In combination with noticing an 
inconsistent course of the branch in the operating room, this led to an anatomical 
study including the dissection of 18 cadavers. To better understand surgical 
outcomes and increase success rates, sufficient knowledge of anatomical variation 
is important. The observations showed a noticeable variation in the bifurcation of 
the infrapatellar branch from the saphenous nerve and where it passes the knee 
joint. Based on these findings, we propose a more proximal diagnostic ultrasound-
guided saphenous nerve block to better locate the infrapatellar branch's origin. This 
may help in the selection of appropriate patients for surgical treatment. However, 
the results also showed the possibility of multiple infrapatellar branches originating 
from the saphenous nerve. This is not accounted for in the traditional diagnostic 
nerve block and is important to include in decision-making. Patients should be 
informed that reoperation may be required to achieve the desired result, particularly 
if the saphenous nerve is spared. Future research is needed for the validation and 
diagnostic accuracy of this nerve block by selecting a more proximal location of 
the saphenous before the branches come off. If the infrapatellar branch originates 
proximally, denervation of the saphenous nerve should be performed proximal to the 
adductor canal. In cases with a distal branching point, denervation can be attempted 
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at the level where the saphenous nerve crosses or pierces the sartorius muscle, 
which is approximately 10 cm proximal to the medial epicondyle of the femur. When 
surgical treatment is indicated, the most suitable approach remains debatable. 
In addition to denervation of the saphenous nerve or selective denervation of the 
infrapatellar branch, regenerative peripheral nerve interface (RPNI) and targeted 
muscle reinnervation (TMR) can be considered.2,3 TMR of the infrapatellar branch 
is only an option in case of a proximal branching point, since the neuromuscular 
entry zones of the potential recipient motor nerves of the vastus medialis and 
sartorius are located in the proximal part of the muscles.4–6 Overall, anatomical 
variations contribute to the occasional poor results in surgical treatment of the 
infrapatellar branch of the saphenous nerve, which may require repeated surgery 
at a more proximal site. More anatomy research and education can improve our 
understanding of the course of the nerve and its branches. In combination with 
better imaging through recent advancements in magnetic resonance neurography 
and ultrasound, this may lead to better outcomes.7–9

Amputation of a limb has an immense impact on the lives of patients, affecting their 
mental, physical and social well-being.10,11 On top of that, complications such as RLP 
and symptomatic neuroma worsen the situation by necessitating pain medications, 
chronic pain team interventions, reoperations, and hindering the use of prosthetics.12 
There is disagreement about the actual prevalence of RLP and symptomatic 
neuroma in the literature. We conducted two systematic reviews and meta-analyses 
to provide an overview of published literature on the prevalences after upper and 
lower limb amputations. After upper extremity amputations, the pooled prevalence 
for RLP was 58% (95% CI: 46 to 68) and 22% (95% CI: 11 to 40) for symptomatic 
neuroma. Residual limb pain has been more often documented in the United States 
than in Europe. After lower extremity amputations, the pooled prevalence for RLP 
was 59% (95% CI: 51-67) and 15% (95% CI: 7-28) for symptomatic neuroma. 
A higher RLP prevalence was observed in patients over 50 years of age, inside 
the United States, with a follow-up exceeding two years, and in studies using 
self-administered questionnaires for data collection. These data may help inform 
patients about the expectations and improve shared decision-making. The high 
prevalences stresses the importance of adequate pain management that addresses 
the specific needs of each individual. General practitioners tend to underestimate 
the prevalence, intensity, and duration of residual limb pain (RLP).13 Given that these 
conditions are often treatable and general practitioners serve as the gatekeepers 
responsible for these patients’ referrals, raising awareness at the primary care 
level is important. But addressing this issue is not exclusively their responsibility. 
It requires a multifaceted approach with opportunities for improvement across 
multiple levels of the healthcare system. An extended follow-up with the operating 
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surgeon may be beneficial to monitor long-term outcomes and address emerging 
concerns. Furthermore, closer collaboration between the surgeon, peripheral nerve 
specialists, chronic pain management teams, psychologists and physiotherapist 
could improve comprehensive patient care. This multidisciplinary approach 
addresses not only the physical components of symptomatic neuroma, but also 
the psychological and functional factors that impact these patients.

In addition to the earlier discussed debate over the surgical treatment of the 
infrapatellar branch, there is also an ongoing discussion about the optimal surgical 
procedure for symptomatic neuroma after limb amputation. RPNI and TMR, two 
more modern procedures, are engaged in a figurative dispute against one another 
and the traditional method of denervation followed by nerve implantation into an 
adjacent muscle. Each intervention has its pros and cons; nevertheless, there 
is still no conclusive comparative evidence. At the time of writing this thesis, an 
international, double-blinded RCT is in progress comparing these three treatment 
options in upper and lower limb amputees.14 If the trial results in a superior option, 
the next question is about implementing this procedure as a preventive treatment 
for all individuals undergoing amputation. The advantage of preventive over 
symptomatic treatment lies in its potential to halt the progression from acute to 
chronic pain, thereby avoiding the development of a pain cycle driven by central 
sensitization.15,16 Groen et al. are confident in TMR and have recently initiated a 
RCT to assess its preventive use compared to standard neurectomy in lower limb 
amputations.17 Phantom limb pain (PLP) is associated with symptomatic neuromas. 
Nonetheless, it is characterized by pain coming from the amputated part of the 
leg, rather than the remaining limb.18 TMR has shown positive results regarding 
PLP and these factors will also be examined in both RCTs.3 As of the date of this 
thesis, patient recruitment is in progress for both trials. Preventive treatment also 
has disadvantages, notably the overtreatment of patients, as not all amputees 
will develop pain symptoms.19 Furthermore, preventive TMR does not guarantee 
complete absence of pain in all patients.20 Early intervention in patients with newly 
developed postamputation pain may be equally effective to preventive treatment, 
while eliminating the component of overtreatment. At this stage, careful distinction 
between phantom sensations, which are typically non-painful, and neuropathic 
pain is crucial to prevent unnecessary treatment. Clearly, this topic remains open 
for discussion and ongoing research. 

The high prevalence of RLP and symptomatic neuromas following amputation 
highlights the importance of early identification and recognition of these patients. 
Increased awareness combined with adequate and effective treatment, which 
can potentially be provided preventively, may result in a reduction of RLP and 
symptomatic neuromas in the future.   Raising awareness among healthcare 
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providers is an important step in improving outcomes for patients at risk of RLP and 
symptomatic neuroma. This can be achieved by including education on peripheral 
nerve injury, pain mechanisms and surgical interventions in medical curricula, 
residency training and continuing medical education programs. In addition, clinical 
guidelines should emphasize the importance of (early) nerve management and 
the multidisciplinary approach to these patients. Future research may focus on 
cost-effectiveness and further investigate if preventative procedures are effective 
in every patient population. The 5-year mortality rate after major nontraumatic 
amputations varies between 52% and 80%, with contributing risk factors including 
age, proximal amputation, renal disease, diabetes and peripheral vascular disease.21 
This indicates the importance of patient selection, while also sparking an ethical 
discussion regarding whom should get an intervention.

Chronic nerve pain may also be caused by persistent compression neuropathies. 
Ulnaropathy at the level of the elbow is the second most common peripheral nerve 
compression syndrome and is prone to therapy-resistant neuropathic pain, despite 
numerous surgeries. This is a challenging problem in which some patients repeatedly 
undergo surgical decompression or submuscular transposition without achieving 
the desired outcomes. Some of these patients report VAS scores of 9-10 despite 
receiving maximal pain medications and interventions such as transcutaneous 
electrical nerve stimulation (TENS) or neuromodulation. In Chapter 5 we discussed 
extensive neurolysis followed by free muscle flap coverage as a final alternative.22 
The aim is to create an environment for the nerve that is scar-free, traction-free, 
well-padded, and well-vascularized. The findings from the retrospective and cross-
sectional study indicated a significant reduction of pain after eight months, followed 
by a moderate decrease and stabilization during long-term follow-up. Furthermore, 
approximately 70% of the patients reported a reduction in pain medication 
usage after surgery, and all patients who required opioid analgesics prior to the 
procedure were able to discontinue their use afterward. While Europe does not 
face an extensive opioid crisis yet comparable to that of the United States yet, it 
is important to minimize the use of these medication groups whenever possible.23  
As previously mentioned, this patient population is challenging, and also after this 
procedure, not all individuals had achieved sufficient pain relief. Nonetheless, 
it provides surgeons an alternative surgical option if prior decompressions and 
submuscular transpositions have failed. This chapter demonstrates that free tissue 
transplantations can be performed not only for reconstructions of complex defects 
but also in the treatment of neuropathic pain. 
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NEW PERSPECTIVES ON FREE FLAP RECONSTRUCTIONS 

Complex defects of the lower extremities are common indications for free tissue 
transplantations. Nonetheless, the choice between a fasciocutaneous or muscle 
flap remains a subject of ongoing discussion. Arguments in favor of muscle flaps 
include their capacity to fill large or irregular defects and their robust vascularity, 
which supports faster wound healing, improved bone union, and reduced risk of 
infection.24,25 Fasciocutaneous flaps, on the other hand, can be neurotized and 
offer thinner coverage while minimizing donor site morbidity.26 Chapter 6 provides 
insights into patient-reported outcomes on functionality and health-related quality 
of life (HRQOL) and showed comparable results for patients treated with a free 
fasciocutaneous and muscle flap. Factors associated with poorer outcomes included 
pain, obesity, diabetes, diminished mental health, and follow-up periods shorter 
than two years. Chapter 7 focused on the aesthetic outcomes of the reconstructed 
leg and donor site and revealed no significant differences between the flap types. 
However, the results showed that the aesthetic outcomes can negatively impact 
social functioning, and a strong association was observed between this impact 
and functionality.

Considering these patient-reported outcomes, we do not recommend one flap type 
over another. There is a wide range of options with great versatility, often providing 
several alternatives for each potential defect, including both fasciocutaneous and 
muscle flaps.27 Flap type should be based on the characteristics of the defect 
and the donor site combined with the surgeon’s individual preferences and 
abilities.  A shared decision should be made together with the patient, considering 
all expected outcomes and potential complications. Because of advancements in 
microsurgery throughout the last 20 years and the expanding body of knowledge, 
free flap reconstructions have become successful and reliable procedures.28,29 
A meta-analysis of comparative studies evaluating reconstructions of lower limb 
defects where both free and pedicled flaps were feasible, demonstrated largely 
comparable surgical outcomes, including complication rates and the need for 
revision surgery. Although a higher total flap failure rate was observed after free 
flap reconstructions, this difference did not reach statistical significance.30 Notably, 
free tissue transplantations offer greater flexibility through the selection of donor 
sites, thereby enhancing versatility. With this in mind, surgeons may consider opting 
for free tissue transfer earlier in the reconstructive decision-making process for 
lower limb defects. 

The findings in Chapter 6 indicated that specific patient-related factors are 
associated with poorer outcomes after lower extremity reconstructions using free 
tissue transplantation. As extensively discussed in the first section of this thesis, 
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pain has been found to be an important aspect defining the quality of life in patients. 
Which is no different after lower extremity free flap reconstructions, given that 
it was a prognostic indicator for poorer results on all functionality and HRQOL 
measures in our study. This is in line with comparable prior research and highlights 
the importance of recognizing this issue and, if needed, the use of adequate pain 
management.31,32 In addition, individuals with obesity and diabetes must be informed 
at intake of the expected outcomes. Efforts to improve weight and general health 
may facilitate positive results over time. Furthermore, mental health has often been 
an overlooked subject in current plastic surgery practice. Nonetheless, it is evident 
from Chapter 6 and 7 that it requires some attention. Psychological support should 
be the standard for individuals with major lower extremity injuries. We advocate 
for a comprehensive treatment strategy using a multidisciplinary approach that 
takes patients’ mental well-being, subjective pain, and physical comorbidities into 
account.

The public debate about rising healthcare costs was one of the reasons to re-
evaluate the postoperative dangling protocol after free tissue transplantations 
to the lower extremity in Chapter 8. The objective of this RCT was to determine 
whether the proportion of partial flap loss 6-weeks after surgery was non-inferior 
after uncontrolled venous pressure exposure (non-dangling protocol) compared to 
controlled and gradually increasing exposure (dangling protocol). The outcomes 
indicated that a non-dangling protocol was non-inferior to a dangling protocol. 
We concluded that seven days post-surgery, gradually increased venous 
pressure exposure after lower extremity free tissue transplantations deems to be 
unnecessary. At that point, surgeons and patients can consider not following a 
dangling protocol, which allows patients to dangle without restraint and mobilize 
if possible. 

Our results did not support the theory of shorter hospital stays and subsequently 
lower healthcare costs. Many patients only consented to participate in the trial if 
randomization would not affect their length of hospitalization. We still believe that 
it will result in reduced costs by shorter stays and diminished care intensity due to 
fewer evaluations, which will need to be shown in future analyses. Nonetheless, 
the shortened period of immobilization would increase the autonomy of patients, 
regardless of their hospital admission status. In a time when patients take a more 
active role in their healthcare decisions than before, this literally would mean a 
valuable step forward. 
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FUTURE PERSPECTIVES 

This thesis provides a better understanding of neuropathic pain in extremity surgery 
and lower extremity reconstructions using free tissue transplantations. Nonetheless, 
there will always be opportunities for improvement in patient care. As our knowledge 
on neuropathic pain grows, we also need to improve the approaches we use to 
prevent and treat it. The current lack of consensus regarding the best treatment and 
timing for symptomatic neuromas after limb amputation shows that more research 
is needed. Future studies should focus on patient selection, improving techniques 
and optimizing outcome assessment. Progress in data integration and the use of 
advanced technologies such as artificial intelligence (AI) presents new opportunities 
for addressing these challenges. This section presents several innovative directions, 
all of which aim to improve the precision, efficacy, and personalization of care for 
our patients. 

Currently, there is no consensus on the most effective intervention and optimal 
timing for the treatment of symptomatic neuroma after limb amputation. High-quality 
evidence from RCTs comparing emerging techniques such as TMR and RPNI 
with the current gold standard is needed. The initiation of the two aforementioned 
RCTs represents an important step in addressing this gap in the literature.14,17 
However, until the results of these studies or other trials become available, definitive 
conclusions about these interventions cannot be drawn. One of the limitations of 
TMR is the availability of suitable target motor nerves, which may be limited or 
absent in certain scenarios. Speculating about future solutions, the development 
of innervated muscle organoids as targets offers an interesting perspective.33–35 
These bioengineered structures are designed to replicate functional neuromuscular 
units, which could potentially act as biological targets for nerve transfers to treat 
symptomatic neuroma. While still in the early stages of research, advancements 
in tissue engineering and regenerative medicine could eventually make it possible 
to use such organoids in clinical practice, thereby solving the problem of the 
availability of target motor nerves of TMR.

In Chapters 5 to 7, we used patient-reported outcomes measures (PROMs) for data 
collection. Future pre- and postoperative outcomes should be collected routinely 
rather than solely in designated research settings. All these nationwide databases 
must then be interconnected, allowing for the accessibility of anonymized data to 
all researchers engaged in the field. This will not only enhance patient care but 
may also decrease the number of ineffective interventions, ultimately leading to 
lower healthcare costs. This, of course, is a subject of many current discussions. 

The rapid advancement of AI is reshaping many fields, including healthcare, where 
it has the potential to improve clinical decision-making and patient outcomes. 
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In the context of neuropathic pain, AI-driven tools could be particularly valuable 
in improving patient selection. Predictive algorithms trained on large datasets of 
PROMs including clinical, demographic, and psychosocial variables, may help 
identify which patients are most likely to benefit from surgical interventions. On the 
other hand, these tools may also indicate that certain individuals are more suited 
to non-surgical management strategies, such as treatment by a pain specialist or 
psychologist. The introduction of such decision-supporting methods could lead to 
more personalized treatment, reduce the incidence of unnecessary or ineffective 
surgeries, and ultimately improve both resource utilization and patient outcomes. 

Furthermore, AI could help with the early identification of patients with increased risk 
of developing symptomatic neuromas after nerve injury or amputation. Prediction 
models may assist in finding not only which individuals are more vulnerable but 
also which specific nerves are most at risk. This information could enable targeted, 
preventative strategies, thereby reducing the long-term burden of neuropathic 
pain. Data from PROMs serve as the basis for the proposed AI tools. Improving 
the quality and precision of PROMs will be essential for training more accurate 
and clinically relevant AI models. Important is also the access to large and high-
quality datasets for the development and validation of these tools. The national and 
interconnected databases mentioned earlier can be used as valuable resources 
for training and improvement of these algorithms. As AI becomes more integrated 
into clinical practice, it is important to focus on data collection and collaboration 
between institutions to realize its full potential in pain medicine and nerve surgery. 
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The objective of this thesis was to expand our knowledge about extremity 
surgery, specifically focusing on neuropathic pain and lower extremity free flap 
reconstructions. Chapter 1 provides an introduction and outline for the current 
thesis. It gives background information on the pathophysiology of pain, neuromas, 
compression neuropathies and reconstructions of defects using free tissue 
transplantations. Current challenges and issues in the treatment of our patients 
are discussed.

PART I: NEUROPATHIC PAIN IN EXTREMITY SURGERY 

Selective denervation of the infrapatellar branch has variable outcomes, with some 
individuals not achieving adequate pain reduction. Chapter 2 is an anatomical 
study on the course of the infrapatellar branch and saphenous nerve. It includes 
dissection of 18 lower extremity cadavers. The origin of the infrapatellar branch 
from the saphenous nerve in relation to the knee joint was determined, as well as 
its pathway across the knee joint. In total, 23 infrapatellar branches were found. 
Of these, 10 originated within 0–10 cm above the knee joint, three between 10–20 
cm, and nine more than 20 cm proximal to the joint. Between the patella and the 
semitendinosus tendon, the branches crossed the knee joint in different zones: five 
in the anterior, 15 in the middle, and two in the posterior one-third. The anatomical 
findings indicated a considerable variation in the origin of the infrapatellar branch 
and its pathway as it crosses the knee joint. This, along with the possibility of 
multiple branches, could explain why denervation commonly does not achieve the 
desired outcomes. Based on these results, we suggest a more proximal location for 
diagnostic saphenous nerve blocks.  This may help in better patient selection for 
surgical intervention by identifying the main nerve origin from which the infrapatellar 
branch comes off.

Extremity amputations have a major impact on patients, yet current literature reveals 
a lack of consensus regarding the actual prevalence of residual limb pain (RLP) 
and symptomatic neuroma. Chapters 3 and 4 present two systematic reviews and 
meta-analyses that provide a comprehensive overview of the existing literature 
regarding the prevalences following upper and lower limb amputations. Following 
upper extremity amputations, the pooled prevalence for RLP was 58% (95% CI: 46 
to 68) and 22% (95% CI: 11 to 40) for symptomatic neuroma. Subgroup analysis 
showed that RLP has been more often documented in the United States than in 
Europe. After lower extremity amputations, the pooled prevalence for RLP was 
59% (95% CI: 51 to 67) and 15% (95% CI: 7 to 28) for symptomatic neuroma. 
Residual limb pain subgroup analysis revealed statistically significant higher rates 
among patients over 50 years of age, those with follow-up over two years, and 
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in studies using self-administered questionnaires for data collection. Knowledge 
and awareness among physicians regarding RLP and symptomatic neuroma are 
important for effective treatment and prevention.

Therapy-resistant neuropathic pain of the ulnar nerve after multiple unsuccessful 
surgical interventions for nerve compression is a very challenging problem. As a 
last resort surgical treatment option, extensive microsurgical neurolysis followed by 
free gracilis muscle flap coverage is an option. Chapter 5 presents the results of 
a retrospective and cross-sectional study of patients who underwent this surgical 
procedure. Medical records were reviewed for 21 patients, and patient-reported 
outcomes were obtained from 18 of them, with all participants having a minimum 
follow-up period of 12 months. The results showed a significant reduction in the 
median visual analogue pain score, which decreased from 8.0 to 6.0 at eight months 
post-surgery and stabilized at 5.4 during the three-year follow-up. After surgery, 
11 out of 16 patients in the cohort showed a decrease in pain medication use, and 
all individuals who had been using opioid analgesics before the procedure were 
no longer using them after. When treating for therapy-resistant neuropathic pain 
of the ulnar nerve, extensive neurolysis followed by coverage with a free gracilis 
muscle flap has shown encouraging results in pain reduction. This strategy offers 
surgeons an option when previous nerve decompressions and transpositions have 
failed to provide sufficient improvement.

PART II: NEW PERSPECTIVES ON FREE FLAP 
RECONSTRUCTIONS 

Free tissue transplantations are commonly used in the treatment of complex 
lower extremity defects, particularly when vital structures are exposed resulting 
from trauma, vascular conditions, or malignancy. However, the decision between 
using a fasciocutaneous or muscle flap continues to be a topic of active debate. 
To improve our understanding of the patient-reported outcomes, we conducted 
two studies (Chapter 6 and 7) comparing both flaps. The same multicenter cohort 
was used for both studies, including patients operated between 2003 and 2021, 
with a minimum follow-up of 12 months. Patient-reported outcomes were obtained 
from 89 individuals, with 62 patients treated using a fasciocutaneous flap and 27 
with a muscle flap. 

Chapter 6 focused on functionality and health-related quality of life and identified 
patient-level risk factors associated with decreased scores. Data were collected 
using a pain score, the Short-Form 36 (SF-36), and the Lower Extremity Functional 
Scale (LEFS). No significant differences in total LEFS, SF-36 physical component 
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summary, and mental component summary scores were observed between the 
two flap types. Factors linked to poorer outcomes included pain, obesity, diabetes, 
reduced mental health, and follow-up durations of less than two years. Patients 
who undergo reconstruction with either fasciocutaneous or muscle flaps report 
comparable postoperative outcomes in terms of functionality and quality of life. 
Flap selection should be determined by the specific characteristics of the defect in 
combination with the surgeon’s individual skills and preferences. A comprehensive 
approach to patient care is important: we should take into account their physical 
comorbidities, pain levels, and mental health. These factors seem to have a critical 
role in determining overall function and quality of life.

The aesthetic outcomes and the impact on social functioning were examined in 
Chapter 7. Patient-reported outcomes were evaluated using a questionnaire featuring 
5-point Likert scale questions on the aesthetic satisfaction of the reconstructed leg 
and donor site, as well as the negative impact on social functioning. Additionally, 
physical and mental health were assessed using the SF-36 questionnaire. There 
were no significant differences in aesthetic satisfaction or negative impact on social 
functioning between patients who received fasciocutaneous flaps and those treated 
with muscle flaps. Secondary surgical procedures aimed at improving aesthetic 
outcomes were performed in 12% of patients who received fasciocutaneous flaps, 
whereas none were in the muscle flap group. A significant association was observed 
between physical functioning and the negative impact on social functioning that 
a reconstructed lower extremity may have. These results can support the shared 
decision-making process in selecting the optimal reconstructive approach and 
contribute to the increasing body of evidence that physical and mental health are 
closely interconnected.

The practice of controlled, gradually increasing venous pressure exposure, referred 
to as "dangling", is widely used after lower extremity free flap reconstructions. It is 
based on the assumption that it reduces the risk of (partial) flap necrosis, yet there 
is no supporting evidence for this claim. The aim of the multicenter randomized 
controlled trial in Chapter 8 was to assess whether the proportion of partial flap 
loss six weeks postoperatively was non-inferior after uncontrolled venous pressure 
exposure (non-dangling protocol) compared to controlled and gradually increasing 
exposure (dangling protocol). Patients who underwent a lower extremity free 
flap reconstruction were included. 39 patients were randomly assigned to follow 
the dangling protocol, while the remaining 36 patients were allowed to mobilize 
without any limitations. Both groups started these activities after seven days of 
immobilization after surgery. The primary outcome (partial flap loss) was assessed 
at six weeks after surgery. An absolute increase of 12% partial flap necrosis was 
considered inferior. Uncontrolled venous pressure exposure proved to be non-
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inferior to the controlled, gradually increased exposure protocol. The absolute risk 
difference was 2.4% (95% CI: -10% to 15%), with partial flap loss occurring in 5.1% 
of patients (n=2) in the dangling group compared to 2.8% (n=1) in the non-dangling 
group. No differences were observed in the length of stay or the occurrence of 
major and minor complications. Seven days post-surgery, adhering to a dangling 
protocol after lower extremity free flap reconstruction was found to be unnecessary. 
Surgeons and patients do not need to follow a dangling protocol restricting early 
dangling and therefore restricting early mobilization. Further research is needed 
to determine whether eliminating dangling protocols even earlier in the recovery 
process is safe, which could potentially shorten hospital stays and reduce resource 
use.
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Het doel van dit proefschrift was om onze kennis over extremiteitschirurgie te 
vergroten, waarbij er een focus was op neuropathische pijn en vrije lapreconstructies 
van de onderste extremiteit. Hoofdstuk 1 biedt een inleiding en overzicht van 
het proefschrift. Het geeft achtergrondinformatie over de pathofysiologie van 
pijn, neuromen, compressie neuropathieën en reconstructies van defecten met 
behulp van vrije weefseltransplantaties. Actuele uitdagingen en problemen in de 
behandeling van onze patiënten worden besproken.

DEEL I: NEUROPATHISCHE PIJN IN EXTREMITEITSCHIRURGIE 

Selectieve denervatie van de infrapatellaire tak kent variabele uitkomsten, waarbij 
er bij sommige patiënten onvoldoende pijnverlichting wordt behaald. Hoofdstuk 2 
bestaat uit een anatomische studie naar het beloop van de infrapatellaire tak van de 
saphenuszenuw, en de saphenuszenuw zelf. Het bevat dissecties van 18 kadaver 
bovenbenen. De oorsprong van de infrapatellaire tak vanuit de saphenuszenuw 
ten opzichte van het kniegewricht werd bepaald, evenals de route langs het 
kniegewricht. In totaal werden er 23 infrapatellaire takken gevonden. Hiervan 
ontsprongen er 10 binnen 0-10 cm boven het kniegewricht, drie tussen 10-20 cm 
en negen meer dan 20 cm proximaal van het gewricht. Tussen de patella en de 
semitendinosuspees kruisten de takken het kniegewricht in verschillende zones: 
vijf in het voorste een derde gedeelte, 15 in het middelste gedeelte en twee in het 
achterste gedeelte. De anatomische bevindingen wezen op een aanzienlijke variatie 
in de oorsprong van de infrapatellaire tak en het traject langs het kniegewricht. 
Samen met de mogelijkheid van meerdere takken, zou dit kunnen verklaren waarom 
denervatie regelmatig niet het gewenste resultaat oplevert. Op basis van deze 
resultaten presenteren we een meer proximale diagnostische blokkade van de 
saphenuszenuw, die kan helpen bij de selectie van patiënten voor chirurgische 
interventie door de oorsprong van de infrapatellaire tak te identificeren.

Amputaties van extremiteiten hebben een grote impact op patiënten, de huidige 
literatuur laat echter een gebrek aan consensus zien over de daadwerkelijke 
prevalentie van residual limb pain (RLP) en symptomatische neuromen. 
Hoofdstukken 3 en 4 presenteren twee systematische reviews en meta-analyses 
die een uitgebreid overzicht bieden van de bestaande literatuur over de prevalenties 
na amputaties van de bovenste en onderste ledematen. Voor amputaties van de 
bovenste ledematen was de gepoolde prevalentie van RLP 58% (95% BI: 46 tot 
68) en 22% (95% BI: 11 tot 40) van symptomatische neuromen. Subgroep analyse 
toonde aan dat RLP vaker is gedocumenteerd in de Verenigde Staten dan in Europa. 
Voor amputaties van de onderste ledematen was de gepoolde prevalentie van RLP 
59% (95% BI: 51 tot 67) en 15% (95% BI: 7 tot 28) van symptomatische neuromen. 
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Subgroep analyse van RLP toonde statistisch significant hogere percentages aan 
bij patiënten ouder dan 50 jaar, patiënten met een follow-up van meer dan twee jaar 
en in studies waarbij vragenlijsten werden gebruikt voor dataverzameling. Kennis 
en bewustzijn onder artsen over RLP en symptomatisch neuroom zijn belangrijk 
voor effectieve behandeling en preventie.

Therapieresistente neuropathische pijn van de ulnariszenuw na meerdere mislukte 
chirurgische ingrepen voor zenuwbeknelling is een zeer uitdagend probleem. 
Als laatste redmiddel kan uitgebreide microchirurgische uitgebreide neurolyse 
gevolgd door een bedekking met een vrije gracilis-spierlap worden uitgevoerd. 
Hoofdstuk 5 presenteert de resultaten van een retrospectieve en cross-sectionele 
studie van patiënten die deze chirurgische ingreep ondergingen. De medische 
dossiers van 21 patiënten werden gebruikt en van 18 van hen werden patiënt-
gerapporteerde uitkomsten verkregen. Alle deelnemers hadden een minimale follow-
up periode van 12 maanden. De resultaten toonden een significante daling van de 
mediane visuele analoge pijnscore. Deze daalde van 8,0 naar 6,0 acht maanden na 
de operatie en stabiliseerde op 5,4 gedurende de drie jaar durende follow-up. Na de 
operatie was er bij 11 van de 16 patiënten een afname in het gebruik van pijnstillers 
te zien. Bovendien waren alle personen die vóór de ingreep opioïden gebruikten, 
hiermee gestopt na de operatie. Bij de behandeling van therapieresistente 
neuropathische pijn van de ulnaris zenuw heeft uitgebreide neurolyse gevolgd 
door bedekking met een vrije gracilisspierlap bemoedigende resultaten laten zien 
in pijnvermindering. Deze ingreep biedt chirurgen een alternatief wanneer eerdere 
decompressies en transposities onvoldoende verbetering hebben opgeleverd.

DEEL II: NIEUWE PERSPECTIEVEN OP VRIJE 
LAPRECONSTRUCTIES 

Vrije weefseltransplantaties worden vaak uitgevoerd bij de behandeling van 
complexe defecten aan de onderste extremiteit, met name wanneer vitale structuren 
blootliggen als gevolg van trauma, vaataandoeningen of een maligniteit. De keuze 
tussen een fasciocutane of spierlap blijft echter onderwerp van discussie. Om ons 
inzicht in patiënt-gerapporteerde uitkomsten te vergroten, hebben we twee studies 
(Hoofdstuk 6 en 7) uitgevoerd waarbij beide lappen werden vergeleken. Voor 
beide studies werd hetzelfde multicentercohort gebruikt, bestaande uit patiënten 
die tussen 2003 en 2021 waren geopereerd, met een minimale follow-up van 12 
maanden. Patiënt-gerapporteerde uitkomsten werden verkregen van 89 personen, 
waarvan 62 werden behandeld met een fasciocutane lap en 27 met een spierlap.
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Hoofdstuk 6 is gericht op functionaliteit en gezondheidsgerelateerde kwaliteit 
van leven. De studie heeft risicofactoren geïdentificeerd die geassocieerd zijn 
met lagere scores. Data werd verzameld met behulp van een pijnscore, de Short-
Form 36 (SF-36) en de Lower Extremity Functional Scale (LEFS). Er werden geen 
significante verschillen tussen de twee lappen gezien in de totale LEFS, SF-36 
physical component summary en mental component summary scores. Factoren 
die verband hielden met slechtere resultaten waren pijn, obesitas, diabetes, 
verminderde mentale gezondheid en een follow-upduur van minder dan twee jaar. 
Patiënten die een reconstructie van de onderste extremiteit ondergaan met een 
vrije fasciocutane of spierlap, rapporteren vergelijkbare postoperatieve resultaten 
wat betreft functionaliteit en kwaliteit van leven. De keuze van het type lap moet 
worden bepaald op basis van de specifieke kenmerken van het defect in combinatie 
met de individuele vaardigheden en voorkeuren van de chirurg. Een alomvattende 
benadering van de patiëntenzorg is belangrijk, rekening houdend met fysieke co-
morbiditeiten, pijn en mentale gezondheid, aangezien deze factoren een belangrijke 
rol spelen bij het bepalen van de algehele functie en kwaliteit van leven.

De esthetische resultaten en de impact op het sociaal functioneren werden 
onderzocht in Hoofdstuk 7. De patiënt-gerapporteerde uitkomsten werden 
geëvalueerd met behulp van een vragenlijst met 5-punts Likert-schaal vragen over 
de esthetische tevredenheid van het gereconstrueerde been en de donorplaats, 
evenals de negatieve impact op het sociaal functioneren. Daarnaast werden de 
fysieke en mentale gezondheid beoordeeld met behulp van de SF-36 vragenlijst. 
Er waren geen significante verschillen in esthetische tevredenheid of negatieve 
impact op het sociaal functioneren tussen patiënten die zijn behandeld met een 
fasciocutane lap en patiënten met een spierlap. Secundaire chirurgische ingrepen 
gericht op het verbeteren van de esthetische uitkomsten werden uitgevoerd bij 
12% van de patiënten in de fasciocutane groep, terwijl dit bij geen van de patiënten 
in de spierlapgroep het geval was. Er werd een significante associatie gevonden 
tussen fysiek functioneren en de negatieve impact op het sociaal functioneren die 
een gereconstrueerde onderste extremiteit kan hebben. Deze resultaten kunnen 
het gezamenlijke besluitvormingsproces ondersteunen bij het selecteren van de 
optimale reconstructieve behandeling en dragen bij aan het toenemende bewijs 
dat fysieke en mentale gezondheid nauw met elkaar verbonden zijn.

Na een reconstructie van de onderste extremiteit is het gebruikelijk om de vrije lap 
gecontroleerd en geleidelijk toenemend bloot te stellen aan verhoogde veneuze 
druk door het been af te hangen. Dit is echter gebaseerd op de aanname dat 
het het risico op (partiële) lapnecrose zou verminderen, maar hiervoor is geen 
ondersteunend bewijs. Het doel van de multicenter gerandomiseerde gecontroleerde 
studie in Hoofdstuk 8 was om te beoordelen of het percentage partiële lapverlies 
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zes weken na de operatie niet-inferieur was na ongecontroleerde blootstelling aan 
veneuze druk (geen afhangprotocol) vergeleken met gecontroleerde en geleidelijk 
toenemende blootstelling (afhangprotocol). Patiënten die een vrije lapreconstructie 
van de onderste extremiteit ondergingen werden geïncludeerd. 39 patiënten 
werden willekeurig toegewezen aan het afhangprotocol, terwijl de overige 36 
patiënten zonder enige beperking konden mobiliseren. Beide groepen begonnen 
met deze activiteiten na zeven dagen immobilisatie na de operatie. De primaire 
uitkomst (partieel lapverlies) werd zes weken na de operatie beoordeeld. 
Een absolute toename van 12% partiële lapnecrose werd als inferieur beschouwd. 
Ongecontroleerde blootstelling aan veneuze druk bleek niet inferieur te zijn aan 
gecontroleerde, geleidelijk verhoogde blootstelling middels een afhangprotocol. 
Het absolute risicoverschil was 2,4% (95% BI: -10% tot 15%), waarbij gedeeltelijk 
lapverlies optrad bij 5,1% van de patiënten (n=2) in de groep met een afhangprotocol 
vergeleken met 2,8% (n=1) in de groep zonder afhangprotocol. Er werden geen 
verschillen gezien in de opnameduur en het optreden van complicaties. Zeven dagen 
na de operatie lijkt het volgen van een afhangprotocol na een vrije lapreconstructie 
van de onderste extremiteit onnodig. Chirurgen en patiënten kunnen overwegen 
om geen afhangprotocol te volgen, waardoor patiënten zonder beperkingen kunnen 
afhangen en mogelijk sneller mobiliseren. Verder onderzoek is nodig om te bepalen 
of het veilig is om dit ook eerder in de postoperatieve fase te doen, wat mogelijk 
ziekenhuisopnames zou kunnen verkorten en het gebruik van zorg zou kunnen 
verminderen.





Appendices 
Review committee 

List of publications 
Dankwoord 

Curriculum Vitae 



178

Appendices

REVIEW COMMITTEE 

Prof. dr. N. Eijkelkamp

Neuroimmunology of Pain, Center of Translational Immunology 

University Medical Center Utrecht 

Prof. dr. R.R.W.J. van der Hulst 

Department of Plastic, Reconstructive, and Hand Surgery 

Maastricht University Medical Center 

Prof. dr. F.J.P.M. Huygen 

Department of Anesthesiology 

Erasmus Medical Center Rotterdam 

Prof. dr. L.W. van Rhijn 

Department of Orthopaedics 

University Medical Center Utrecht 

Dr. J.M. Zuidam 

Department of Plastic, Reconstructive, and Hand Surgery 

Erasmus Medical Center Rotterdam 



 A

179

Appendices 

LIST OF PUBLICATIONS 

List EB, Klieverik V, Martin E, Krijgh DD, Coert JH. Prevalence of residual limb pain 
and neuromas after upper extremity amputation: a systematic review and meta-
analysis. J Hand Surg Eur Vol. 2025;50(11):1440-1447.

Krijgh DD, List EB, Qiu SS, Schols RM, Mureau MAM, Luijsterburg AJM, et al. 
Does Dangling the Lower Extremity after Free Flap Reconstruction Reduce Partial 
Flap Loss? A Multicenter Randomized Controlled Trial. Plast Reconstr Surg. 
2025;156(1):162-169.

List EB, Hahn BA, Qiu SS, de Jong T, Rakhorst HA, Verheul EM, et al. Free 
fasciocutaneous versus muscle flaps in lower extremity reconstruction: Implications 
for functionality and quality of life. J Reconstr Microsurg. 2025;41(8):641-648.

Krijgh DD, List EB, Beljaars B, Qiu Shao SS, de Jong T, Rakhorst HA, et al. Patient-
reported esthetic outcomes following lower extremity free flap reconstruction: A 
cross-sectional multicenter study. JPRAS. 2024;93:1–8. 

Krijgh DD, Teunis T, List EB, Mureau MA, Luijsterburg AJ, Maarse W, et al. Mental 
health is strongly associated with capability after lower extremity injury treated with 
free flap limb salvage or amputation. Eur J Trauma Emerg Surg. 2024;50(3):755-762.

List EB, Boers N, Martin E, Krijgh DD, Henk Coert J. Patient-reported outcomes 
after free muscle flap coverage for therapy-resistant neuropathic pain from the ulnar 
nerve. J Hand Surg Eur Vol. 2023;49(2):250-6.

Krijgh DD, List EB, Teunis T, Bleys RLAW, Coert JH. The origin and course of the 
infrapatellar branch of the saphenous nerve: An anatomical study. JPRAS Open 
2022;5(34):144-151.

Makarawung DJS, de Vries CEE, List EB, Monpellier VM, Mou D, Klassen AF, 
et al. Patient-Level Factors Associated with Health-Related Quality of Life and 
Satisfaction with Body After Bariatric Surgery: a Multicenter, Cross-Sectional Study. 
Obes Surg 2022;32(9):3079–87.

List EB, Krijgh DD, Martin E, Coert JH. ‘The prevalence of residual limb pain and 
symptomatic neuromas following lower extremity amputation: a systematic review 
and meta-analysis’. Pain. 2021;162(7). 

Krijgh DD, Teunis T, List EB, Van Hecke W, Bleys RLAW, Coert JH. Targeted 
muscle reinnervation for Morton Neuroma: An anatomical study. J Plast Reconstr 
Aesthetic Surg. 2021;74(10). 

Barone M, Cogliandro A, Salzillo R, Colapietra A, Alessandri Bonetti M, Morelli 
Coppola M, List EB, et al. Role of Spreader Flaps in Rhinoplasty: Analysis of 



180

Appendices

Patients Undergoing Correction for Severe Septal Deviation with Long-Term Follow-
Up. Aesthetic Plast Surg. 2019;43(4). 

Barone M, Cogliandro A, Salzillo R, List EB, Panasiti V, Tenna S, et al. Definition 
of “Gender Angle” in Caucasian Population. Aesthetic Plast Surg. 2019;43(4). 

Salzillo R, Barone M, Cogliandro A, List EB, Persichetti P. Evaluation of Glandular 
Liposculpture as a Single Treatment for Grades I and II Gynecomastia. Aesthetic 
Plast Surg. 2019;43(2).



 A

181

Appendices 

DANKWOORD 

Beste prof. dr. Coert, beste Henk, ik herinner me nog goed één van de eerste 
momenten waarop wij elkaar spraken. Als vierdejaars geneeskundestudent was 
ik enthousiast om te starten met de eerste projecten. Jij was degene die mij echt 
uitdaagde en mij later het vertrouwen gaf om mijn werk door te zetten in een 
promotieonderzoek. Ik wil je bedanken voor de kritische blik, begeleiding en 
adviezen gedurende deze tijd. Ik kijk ernaar uit om in de komende jaren nog veel 
meer van je te leren. 

Beste dr. Krijgh, beste David, je bent een ware mentor voor mij. Er zijn momenten 
geweest dat ik door de bomen het bos niet meer zag en niet meer wist hoe het 
verder moest. Ik schreef A4’tjes vol met vragen en toch wist jij ze elke keer één 
voor één te beantwoorden. Jouw enthousiasme is zeer aanstekelijk, je ziet nooit 
beren op de weg. Al onze gesprekken gaven mij ontzettend veel motivatie en nieuwe 
inzichten om door te gaan. Alle promovendi die je nu of in de toekomst begeleidt, 
mogen van geluk spreken. De EPSRC-reizen die wij samen maakten naar Wenen, 
Genève en Brno zijn de hoogtepunten van mijn promotietraject geweest. Ik kijk 
ernaar uit om de komende jaren veel met je samen te werken en deze jaarlijkse 
EPSRC-trip voort te zetten. 

Beste dr. Martin, beste Enrico, jij was degene die mij aanspoorde te solliciteren 
toen David een nieuwe onderzoeker zocht voor de Dangle Study. Jouw bericht die 
dag is uiteindelijk het startschot gebleken voor dit promotietraject. Ik ben dan ook 
heel blij dat je mijn copromotor bent geworden. Ik wil je bedanken voor je ideeën 
en goede raad, niet alleen op wetenschappelijk gebied, maar ook bij belangrijke 
keuzes in mijn medische carrière in de afgelopen jaren. 

Beste leden van de beoordelingscommissie, beste prof. dr. N. Eijkelkamp, prof. 
dr. R.R.W.J. van der Hulst, prof. dr. F.J.P.M. Huygen, prof. dr. L.W. van Rhijn en dr. 
J.M. Zuidam, en beste dr. Hoogbergen als lid van de promotiecommissie. Veel dank 
voor uw tijd en inspanning voor het beoordelen van mijn proefschrift.

Beste stafleden Plastische Chirurgie UMC Utrecht, na een ontzettend leerzame 
tijd als ANIOS bij jullie afdeling mocht ik in mei 2025 beginnen aan de opleiding tot 
Plastisch Chirurg. Veel dank voor alle leerzame momenten, de fijne samenwerking 
en het vertrouwen dat jullie mij hebben gegeven. Ik kijk ernaar uit om na de 
vooropleiding weer bij jullie terug te keren en het in mij gestelde vertrouwen met 
volle inzet waar te maken. 

Beste stafleden Chirurgie St. Antonius Ziekenhuis, bij jullie zette ik na mijn afstuderen 
mijn eerste stappen als ANIOS. Ik ben zeer blij dat ik voor mijn vooropleiding mocht 
terugkeren en kijk ernaar uit om in de komende maanden nog veel van jullie te leren. 
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Beste collega AIOS en ANIOS uit het UMC Utrecht en St. Antonius Ziekenhuis. 
Hard gewerkt werd er zeker, maar bovenal ook veel gelachen, bedankt daarvoor. 

Beste onderzoeksgroep uit het UMC Utrecht, dagenlang zaten we in het kamertje bij 
het secretariaat, ieder met zijn of haar eigen onderzoek, maar allen met hetzelfde 
doel. Het saamhorigheidsgevoel trekt je, samen met alle gezellige koffiepauzes, 
door de soms ellendig lange dagen vol statistische toetsen, databestanden en 
comments van medeauteurs of reviewers. Bedankt voor de gezellige dagen en veel 
succes met al jullie projecten. 

Ishaan en Yasar, mijn vrienden uit Boston, wat een mooie tijd hebben wij gehad in 
de VS. Ik ben blij dat we onze vriendschap na deze periode hebben doorgezet en 
we elkaar nog steeds zo nu en dan zien. Het volgende restaurant zal ik uitkiezen. 

Vrienden uit Utrecht, jullie zijn met te veel om op te noemen. De eerste stappen 
van dit proefschrift werden gezet in mijn laatste jaar in Utrecht, een tijd die dankzij 
jullie onvergetelijk is geweest. Dank jullie wel daarvoor, en op naar nog veel meer 
mooie momenten samen. 

Vrienden uit Eindhoven, na onze studietijd in verschillende steden vonden we elkaar 
uiteindelijk weer in Amsterdam. Het doet me enorm goed dat we elkaar na al die 
jaren nog steeds bijna wekelijks zien en elk jaar samen op vakantie gaan. Laten 
we dat vooral blijven doen, op naar alles wat nog komen gaat. 

Beste paranimfen, Caspar en Karel, onze vriendschap gaat inmiddels zo’n 25 jaar 
terug en wat hebben we veel meegemaakt. Van de Reigerlaan tot aan dit bijzondere 
moment waarop jullie mij bijstaan tijdens mijn verdediging. Ik ben trots op onze 
vriendschap en ontzettend blij dat juist jullie mijn paranimfen zijn. Heel veel dank 
daarvoor. 

Lieve Ruben en Annemijn, we hebben altijd veel gelachen en dat doen we nog 
steeds, maar door de drift die we van pap en mam hebben meegekregen om 
landgrenzen over te steken, zien we elkaar toch minder vaak dan voorheen. 
Ondanks die fysieke afstand weet ik dat jullie altijd dichtbij waren en dat ook altijd 
zullen blijven. 

Lieve pap en mam, jullie hebben mij geleerd dat dromen er zijn om nagejaagd te 
worden. Je schrijft je eigen verhaal en alleen jij kunt waarmaken wat je voor ogen 
hebt. Die gedachten heb ik altijd met me meegedragen, met het hockey vroeger, 
gedurende mijn studie of bij de keuzes om naar het buitenland te gaan, maar ook 
tijdens het schrijven van dit manuscript. Ik weet dat jullie trots zullen zijn, maar 
zonder jullie zou het niet mogelijk zijn geweest om dit proefschrift te voltooien. 
Bedankt voor alles. 
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Lieve Val, al jaren ben jij mijn rots in de branding. Bij alle keuzes die ik maakte om 
mijn medische droom na te jagen, stond jij onvoorwaardelijk aan mijn zijde, ook in 
tijden die allesbehalve makkelijk waren. Ik ben ontzettend trots op jou en op wat 
wij samen hebben opgebouwd en kijk uit naar alles wat we in de toekomst samen 
gaan meemaken. Bedankt voor alles wat je doet. 
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