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Plantar fibromatosis of the foot (i.e. Ledderhose’s disease) is a rare benign but local aggressive disease
of the plantar aponeurosis (i.e. fascia) with unknown etiology. Histopathological findings in plantar fibromatosis
reveal similar findings to those in palmar fibromatosis (i.e. Dupuytren’s disease), and genetic factors (i.e. familial
history) for its appearance seems to be of relevance. Treatment options include various non-surgical and surgical
procedures; however, progression of disease after non-surgical treatment and recurrence after surgery is a
concern. But in trend, total plantar fasciectomy seems to be superior compared to all other procedures. The
aim of this short review article is to give practicable interdisciplinary insights on a surgeon’s perspective for all
clinicians who are confronted with this rare disease including various differential diagnoses related to chronic
plantar foot pain, and possible complications after its treatment.

What is Ledderhose’s disease?

Plantar fibromatosis of the foot is a rare benign, hyperproliferative, and local aggressive disease
of the plantar aponeurosis (i.e. fascia) (Figure 1A) of unknown etiology and included among the
extra-abdominal desmoids tumors, this entity was first described in 1894 bythe German physician
Georg Ledderhose (1855-1925), and it is accompanied by a high recurrence rate [1-3]. Regarding
etiology, it has been described to be most frequent in patients with diabetes, low body weight,
epilepsy, alcohol abuse, and smoking, and a familial history in up to 19.1% of cases is observed as
well [2,4]. Occurrence is observed at all ages ranging from 2 to 83 years (N=178), but especially in
the 4th and 5th decade of life in the absence of significant sex-related differences (51.7% male vs.
48.3% female in 178 patients), and bilateral involvement is reported to be 20-50% of cases [2,4].
It can be associated in 5-21.3% of cases with the palmar fibromatosis of the hand (Figure 2A-D)
first described quite earlier in 1831by the French physician Baron Guillaume Dupuytren (1777-
1835) which can also be associated with the fibrous subcutaneous nodules (i.e. knuckle pads) upon
the proximal interphalangeal finger joints (Figure 3) first described in1904 by the British physician
SirArchibald Edward Garrod (1857-1936), and in 1-3% of cases with the penile fibromatosis first
described substantial quite earlier in 1743 by the French physician Frangois Gigot de la Peyronie
(1678-1747) [2,5-12]. Histopathological findings in plantar fibromatosis reveal similar findings to
those in palmar fibromatosis [13]. In the literature, it has been proposed for palmar fibromatosis
that growth factors, such as platelet-derived growth factor and transforming growth factor-beta,
free oxidized radicals, increased levels of plasminogen activator enzymes, and expression of Ki-67
antigen contribute the etiology, and it was found that the number of androgen receptors in specimens
of palmar fibromatoses was considerably higher than in normal palmar fascia [14-19]. Noted that
expression of the Ki-67 antigen plays an important role in detection of malignancies [20]. For the
palmar fibromatosis, family history probably has the strongest influence on the age at time of first
surgery compared to environmental factors, followed by male sex, and the percentage of familial
cases decreased with age of onset from 55% in patients aged 40-49 years to 17% in patientsaged80
years and older, and men are upto 15 times more likely to suffer from this disease but during the
8™ and 9" decade of life the ratio between affected men and women is equal [21,22]. Moreover,
palmar fibromatosis is more frequently observed in the white Caucasian and Nordic race than in
Africa or Asia [23]. Noted that the incidence of palmar fibromatosis in elderly men is reported to
be up to 25.3% in Australia [24], up to 28.9% in Ireland [25], and up to 13.75% in England [26]. The
differential diagnosis of plantar fibromatosis should include stenosing tenosynovitis, ganglion cyst
of the ankle with medial plantar nerve entrapment (i.e. tarsal tunnel syndrome) (Figure 4A-B), other
conditions leading to entrapment of plantar digital nerves such as the primary Morton’s neuroma
(Figure 5A-C) or secondary post-traumatic/post-operative neuroma (Figure 6A-C), plantar fasciitis
or rupture with or without plantar calacaneal spurs (Figure 7 compared to Figure 8), heel bursitis
with or without Haglund’s exostosis (Figure 7 compared to Figure 8), aseptic osteonecrosis such as
Kohler’s disease (Figure 9), or other benign or malignant lesions (Figure 10), including fibrosarcoma
[27,28].
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Figure 1: (54-year-old female, plantar fibromatosis, right foot): (A)
Preoperative clinical findings and magnetic resonance imaging, the nodule
is partially adherent to the skin (arrows). (B) Intraoperative, after careful
dissection of the nodule (arrow) from the skin. (C) Intraoperative, after total
fasciectomy. (D) Intraoperative, primary closure of wound, the further course
was uneventful.

Figure 3: (67-year-old female, right hand): Palmar fibromatosis associated
with the typical knuckle pads upon the proximal interphalangeal joints of the
index and middle finger.

Figure 2: (57-year-oldmale, advanced stage of palmar fibromatosis, left
hand): (A) Preoperative, passive fixed flexion contractures of the 4" and
5% finger. (B) Intraoperative, the total fasciectomy was performed; all
neurovascular bundles and pulleys were safely spared. (C) Intraoperative,
primary closure wound, the further course was partially complicated by
delayed wound healing without the need of secondary coverage. (D) At the
1-year follow-up there was a good restoration of the overall hand function.

Figure 4: (29-year-old male, right ankle medial, tarsal tunnel syndrome):
(A\) Intraoperative, ganglion cyst led to entrapment of both plantar nerves at
the bifurcation of the tibialis posterior nerve (arrow). (B) Intraoperative, after
resection of ganglion cyst and decompression/neurolysis of both plantar
nerves.
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Figure 5: (53-year-old female, Morton’s neuromas, left forefoot, plantar): (A)
Preoperative magnetic resonance imaging showing the lesion between the
metatarsophalangeal joints Il and IV (arrow). (B) Intraoperative, dissection
of the neuroma (arrow). (C) Intraoperative, after excision of the neuroma.

Figure 6: (59-year-old male, postoperative neuroma, right foot, plantar): (A)
The patient sustained a total first metatarsophalangeal joint replacement
for treatment of hallux rigidus with a good functional outcome for gait. (B)
But postoperative, he reported progredient disability with loss of sensitivity
of the great toe plantar-medial associated with a positive painful Hoffmann-
Tinel sign (circle/cross) suggesting a partial lesion of the proper nerve
branch and resulting in a neuroma that was confirmed intraoperatively. (C)
Intraoperative, after interfascicular neurolysis of the proper nerve branch
to the great toe. The further course was uneventful with a satisfactory pain
relief and improvement of sensitivity.

Clinical presentation and diagnostic management of
plantar fibromatosis

Plantar fibromatosis usually starting with 1 or more asymptomatic
or painful subcutaneous nodules, most frequently at the longitudinal
medial arc and/or central division of the plantar aponeurosis (Figure
1A) which can be adherent to the overlying skin and muscles, and
potentially leading over time to entrapment of the proper digital nerve
branch to the great toe (or others), and flexion contractures unless the
slips to the toes are involved which are analogues of the palmar cords
[1,29]. It can also additionally occurs in deep plantar fascia, or isolated
at the distal aspect of the great toe [30,31]. Histopathological, thel*

fully o

Figure 7: (69-year-old female, chronic heel and plantar foot pain, left):
Typical flatfoot (i.e. pes planus) with a decreased calcaneal inclination angle
to 10° (red lines and points) and a normal Bohler’s angle with 25° (yellow
lines and points) that means that the talocalcaneal joint is not involved in
flat foot in this case. The flatfoot typically led to an overstretching-related
plantar fasciitis that results in a periosteal reaction with occurrence of a
plantar calcaneal spur at the origin of the plantar aponeurosis (yellow
arrow). Moreover, the flatfoot is combined with a pes valgus that led to
a decentralization of the achilles tendon, and resulting in a tendinitis and
bursitis, and occurrence of a typical dorsal Haglund’s exostosis at its
insertion (light blue arrow) similar to the plantar calcaneal spur.

fully loaded condition by bedy weight

Figure 8: (43-year old male, normal sagittal static arc architecture of foot,
left): Normal calcaneal inclination angle with 20 to 30° (red lines and points)
that means that there is neither insufficiency of tibialis posterior tendon nor
overstretching (or damage) of plantar aponeurosis, and normal Bohler's
angle with 20 to 40° that means that there is neither misalignment nor
instability in talonavicular joint.

stage is characterized by cellular proliferation (often associated with
unspecific plantar foot pain only), the 2* stage by nodule proliferation,
and the 3™ stage by tissue contraction [32]. In order to reduce the risks
of postoperative wound dehiscence and/or recurrence, an additional
intraoperative staging is recommended that involves the extent of
plantar fascial involvement, the presence of skin adherence, and the
depth of tumor extension [32]. Plantar fibromatosis in childhood is
very rare, nodules usually found in the anteromedial region of plantar
aponeurosis, and unlike the adult presentation the nodules are mainly
asymptomatic and not aggressive, and they have no association with
palmar and penile fibromatosis [33-35].

In order to detection of nodule’s infiltration into the overlying
skin and into the deeper muscle layers, and especially to exclude
malignancies such as the fibrosarcoma, ultrasound and/or magnetic
resonance imaging (Figure 1A) should be done in every instance.
With ultrasound, most of the plantar nodules are sagittally elongated,
hypoechoic in the absence of intrinsic vascularity, and echogenicity
does not correlate with the size of nodules and duration of symptoms
[36,37]. The advantage of magnetic resonance imaging, which is
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considered to be the gold standard technique for surgical planning, is
that hypo- or hypercellular lesions can be assessed which are directly
associated with early stages of disease or may define a more aggressive
lesion [38-41]. Post-gadolinium T1 weighted magnetic resonance
imaging of the nodules often showing enhancement with intravenous
paramagnetic contrast fluid [2].

Treatment of plantar fibromatosis

Plantar fibromatosis can primarily treat non-surgically
(stretching, orthotics, anti-inflammatory drugs, physical therapy,
shockwave therapy, radiotherapy, intralesional injections of cortisone
or collagenase) [12], however, there is large lack of information in
the overall literature about regression vs. progression of disease
over time. In the trend, intralesional cortisone injections are mostly
used, radiotherapy showed good clinical outcomes but the benefits
compared to the side effects are unclear, shockwave therapy reveals
promising outcome in the absence of knowledge about possible
complications, and intralesional collagenase injection is not already
recommended recently [2].

Surgical treatment becomes necessary when in primarily non-
surgically treated patients a satisfactory pain relief does not appear
and the disease progresses. It includes total plantar fasciectomy

Figure 9: (36-year-old female, chronic plantar foot pain, left): Aseptic
osteonecrosis of the 2™ metatarsal head (Kohler’s disease Il, yellow circle).

(Figure 1B-D), subtotal procedures with some inconsistencies in their
methodological descriptions (marginal excision, local excision, wide
local excision, staged excision, wide excision, subtotal fasciectomy,
partial fasciectomy), and others such described as dermofasciectomy
and surgery with or without radiotherapy; but due to the low number
of patients and the heterogeneity of data of most published studies it
is not possible to standardize the various procedures with its specific
outcomes [2]. However, the overall recurrence rate including all
procedures after first surgery is 74.3%, and 25.7% after recurrence
surgery, but in trend, local excisions are associated with the highest
recurrence rate and should not be recommended neither in primary
nor in recurrent cases whereas procedures with wide operative
margins (i.e. RO resection) seems to be superior [2]. Noted that in
recurrent cases a below-knee amputation becomes necessary as well
in single cases [42]. The most important postoperative complication
is delayed wound healing in up to 47.8% of cases accompanied by the
necessity of additional skin grafting in 17.4% of them [35].

Problems after total plantar fasciectomy

The plantar aponeurosis (i.e. fascia) originates punctually
at the plantar-medial aspect of calcaneus, then it passes the foot
subcutaneously to distal creating a V-shaped divergent configuration,
divides near the metatarsal heads into 5 sections, and inserts with
its slips at the bases of all 5 proximal phalanges. It contributes to
support of arch of the foot by acting as a tie-rod, where it undergoes
tension when the foot bears weight (Figure 8). When the plantar
aponeurosis was more than 50% removed, some degree of support
to the foot is lost, potentially leading to increased peak pressures
under the metatarsal heads which can followed by metatarsalgia,
painful lateral column instability, sinus tarsitis, medial arch pain
and fatigue,collapse of the arc in the sagittal plane (flatfoot, i.e. pes
planus)and subsequently followed by valgus and/or s play deformities
at hind- and fore foot in frontal plane accompanied by hallux valgus
and/or claw toe deformities at the forefoot in frontal plane as well
(Figures 7 and 11-13), or by acquired serpentine foot (i.e. tarsus
abductus/metatarsus adductus, skew foot) when the talonavicular
and/or other intertalar joints become ligamentous unstable (Figure
14) with or without bone displacements or internal pressure-related
skin ulceration upon the medial aspect of the head of talus (Figures
11, 13 and 14), secondary osteoarthritis in 1 metatarsophalangeal
joint (Figure 11A-C), and with continued strain, stress fracture
first described in Prussian soldiers in 1855 by the Prussian military
physician Breithaupt may also arise particularly at the 2" and/or 3
metatarsal (Figure 15) [43-49]. In contrast, acquired varus deformity

Figure 10: (16-year-old girl, chronic plantar metatarsalgia, left): Symptoms
are based on hereditary syndactyly of the 2nd with the 3rd toe resulting in
metatarsalgia due to impaired function in the 2" and 3 metatarsophalangeal
joint, pre- and intraoperative after its microsurgical separation.
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Figure 11: (67-year-old male, chronic plantar foot pain, combined
deformities, left, all assessments under fully loaded conditions by body
weight): (A) Severely collapsed flat foot in sagittal plane (red points and
lines). Note the plantar calcaneal spur, and the prominent head of talus
(white arrow). (B) Valgus deformity of the hindfoot in frontal plane (black
and red lines). (C) Splay foot (black double arrow) and serpentine foot
(red angled lines) in frontal plane. Note the advanced stage of secondary
osteoarthritis in 1 metatarsophalangeal joint.

Figure 12: (57-year-old female, chronic plantar foot pain, flat foot, right): The
flat foot typically led to a splay foot in frontal plane with pronounced widening
of the intermetatarsal angle (red lines, normal < 9°), and resulting in hallux
valgus and claw toe deformities, and metatarsalgia due to displacements
of the metatarsal heads II-IV plantarwards. It was surgically treated by
corrective arthrodesis of the 1%t tarsometatarsal joint, release of the lateral
capsule of the 1t metatarsophalangeal joint, removal of medial exostosis
at the 1st metatarsal head, and subcapital shortening osteotomy of the 2
metatarsal bone. Intraoperatively, a correct alignment of the 1%t ray could be
achieved (3 angled black lines at the left side vs. 1 non-angled black line at
the right side of Figure).

Figure 13: (63-year-old female, chronic plantar foot pain, flat foot, right):
The flat foot led to a ligamentous insufficiency in talonavicular joint with its
displacement (red angled lines, acquired serpentine foot), and secondarily to
advanced stage of osteoarthritis (yellow arrow), and chronic hyperkeratotic
skin ulceration upon the medial aspect of the head of talus.

Figure 14: (73-year-old female, chronic plantar foot pain, right):
Pronounced flat foot (red points and lines) subsequently leading to tarsal
bone displacement plantarwards due to ligamentous insufficiencies (white
arrows, computed tomography of the same patient).

of hind foot or flat foot with a decreased Bohler’s angle appears to
be more frequent in (post) traumatic condition (Figures 16A-C and
17A-B) [50]. It is recommended in postoperative care for the patients
to use an orthotic device such as an insole with arch support (Figure
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Figure 15: (59-year-old female, chronic plantar foot pain, flat and splay foot,
both sides): Primarily undiagnosed stress fractures of the 3rd metatarsal
bones that led to a non-union right whereas the left fracture was healed
spontaneously with callus formation. The non-union right was treated by
internal plate fixation without the need of additional bone grafting, and healed
with callus formation as well. Note that there was an additional ligamentous
instability at the 2" tarsometatarsal joint right with displacement tendency
of the 2" metatarsal bone plantarwards (assessed intraoperatively) that
was additionally treated by open reduction and Kirschner-wire transfixation.
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Figure 16: (68-year-old female, posttraumatic varus deformity right hind foot
based on a previously sustained talus fracture that was treated conservatively
[50]): (A) The talus fracture healed with misalignment that led to pronounced
varus deformity of hind foot (yellow and black angled lines) accompanied
by advanced posttraumatic osteoarthritis in ankle. (B) Intraoperatively, a
corrective arthrodesis of the ankle was performed. (C) A satisfactory outcome
with complete restoration of varus deformity could be achieved (black line).

18A-C), and the duration of its use is dependent on the patient’s
comfort level [1,51,52]. The second notable late complication after
wide surgery can be painful plantar scarring, and difficulties with
shoe wearing [12]. When bony architecture of foot is damaged,
then total plantar fasciectomy should be avoided in order to obtain
its sagittal arc (Figure 19A-C) [53]. Furthermore, when planning

Figure 17: (54-year old male, calcaneal fracture, left): (A) Initial findings
and open reduction and internal locking plate fixation, note the completely
collapsed Bohler's angle in 3D computed tomography (red points and
lines) that means that there is a traumatic fracture-related flat foot. (B) The
Bohler’s angle could be good restored (green points and lines).

Figure 18: (8-year-old boy from Uzbekistan who sustained a burn trauma
at his left lower leg and foot with age of 3 years that led to marked scar
formation with talus verticalis and valgus contracture in ankle, and resulting
in severely collapsed and fixed flat foot): (A) Preoperative situation with
planning the large Z-plasties. (B) Intraoperative, performing the Z-plasties,
lengthening procedures of the extensor tendons, and open reduction of talus
verticalis with temporary Kirschner-wire transfixation. (C) Two months after
surgery, uneventful wound healing, and in order to prevent recurrence of flat
foot, insoles with arc support and orthopaedic shoes stabilizing the ankle

were customized.

total plantar fasciectomy, pre-existent tears of tendons which play
an important role for stabilizing and balancing the foot arc, such as
the tibialis posterior tendon and the long peroneal tendon, should
be reconstructed in every instance before performing total plantar
fasciectomy (Figure 20A-C). Another main contraindication for total
plantar fasciectomy is unstable soft tissue situation around the foot
(Figure 21).
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Figure 19: (28-year-old female who sustained a traumatic right midfoot
amputation with age of 8 years [53]): (A) Primary midfoot replantation.
(B) Despite some bony support of foot is lost, she is able to perform high-
demand activities in her work and leisure. (C) There is no posttraumatic flat
foot (red points and lines), however, in order to obtain the sagittal foot arc,
plantar fasciectomy should be avoided.

Figure 20: (73-year-old male, active runner, right chronic disruption of
the long peroneal tendon accompanied by complete lateral ligamentous
instability of the ankle): (A) Pre- and intraoperative, note the complete
ligamentous instability both in upper and lower ankle (white and blue
arrows). (B) Intraoperative, reconstruction of the long peroneal tendon and
ligamentous complex in upper and lower ankle (light blue circle). (C) Six-
months after surgery, a stable ankle was present, and the patient was able
again to perform his runner’s activities.
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