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Chapter

Stump Overgrowth after Limb
Amputation in Children

Rami Jahmani and Dror Paley

Abstract

Stump overgrowth is the most common complication after limb amputation
in children. Its morbidity is relatively high, that required frequent revisions
of the stump and prosthesis. The incidence of stump overgrowth varies in the
literature; depending on different factors. The exact pathogenesis is unclear,
many hypotheses have been suggested. The treatment is a challenge; simple exci-
sion of the bone is associated with recurrence and further shorting of the stump.
Many options of treatment have been used. This paper is an up-to date literature
review that includes the definition, incidence, pathogenesis, clinical presenta-

tion, radiographic diagnosis, and treatment options of stump overgrowth in
children.

Keywords: limb amputation, stump overgrowth, complication of amputation,
stump capping procedures, heterotopic ossification

1. Introduction

Overgrowth is the most common complication after stump amputation in chil-
dren, and it leads to significant morbidity and multiple revisions of both the stump
and prosthesis [1-3]. Overgrowth is characterized by the formation of bone spikes
at the end of the amputated stump. At some point, the bone end becomes covered
with a bursa, and skin adheres to the underlying bone. Finally, the skin perforates,
and bone and soft tissue infections develop, Figure 1.

2. Incidence

Stump overgrowth is the most common complication following limb amputa-
tion in children, and the incidence varies from 4 to 50% [2-8]. Age, location,
reason for amputation, and level of amputation are known factors that affect
the prevalence of stump overgrowth. Among them age and location are the
most influencing factors. Osseous overgrowth is not observed in children older
than 12 years or in cases of disarticulation amputations. Younger patients have a
higher incidence of stump overgrowth [1, 7, 9]. The most frequent locations are
the humerus, followed by the fibula and the tibia, whereas stump overgrowth is
rare in the radius and ulna [7, 10]. Traumatic amputations carry a higher risk of
overgrowth than elective surgical amputations, as stump overgrowth is very rare
in congenital agenesis but common in amniotic band syndrome [1-3, 5, 11, 12].
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Figure 1.
X-ray of distal tibia and fibula overgrowth, arrow is indicating the sharp end of overgrown spike.

Aitke postulated that bone overgrowth in congenital cases is due to intrauterine
amputation (amniotic band syndrome) rather than true agenesis, considering that
bone overgrowth does not occur in congenital agenesis; however, this assumption
has not been proven [7]. An increased prevalence of overgrowth has been reported
in patients who had previously undergone surgery for overgrowth [3, 11, 12]. Last,
metaphyseal level amputations carry a higher risk of overgrowth than diaphyseal
level amputations [1, 5].

3. Pathogenesis

Many hypotheses have been proposed to explain the phenomenon of bone over-
growth. Because overgrowth occurs in children, it has been suggested that overgrowth
occurs as a result of disproportional growth between the remaining proximal physis
and the contracted distal soft tissue and skin [13-15]. Pellicore et al. observed bone
growth stimulation following amputation and concluded that stump overgrowth
occurs because soft tissues cannot keep up with the rapid growth of the bone [16];
however, attempts to treat overgrowth by proximal epiphysiodesis and leaving long
redundant soft tissue have failed [12, 17-19]. The incidence of the overgrowth phenom-
enon in cases of surgical and post-trauma amputations was higher [1-3, 5] compared
with that of disarticulation amputation and congenital agenesis, [7, 20] which suggests
that stump overgrowth might be a result of bone and soft tissue trauma rather than
continuous growth of the proximal physis. This would mean that overgrowth is a local
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Figure 2.

Pathogenesis of stump overgrowth: (a) initial stage, hematoma formation and periosteal elevation.

(b) Organization of collagen fibers of scar and periosteum as continues mass. (c) Pulling the collagen fibers
morve distal by wound contracture and spike formation. 1 — Cotrex, 2 — Medullary canal, 3 — Periosteum,

4 — Hematoma.

process of bone formation and wound healing that occur in the distal stump. Studying
the histology of stump overgrowth in rabbits, Hellstadius concluded that the medullary
canal is the source of overgrowth [21]. Aitken implanted a radiographic marker in the
bony stump and confirmed that overgrowth occurs distal to the marker, proving that
overgrowth does not represent an epiphyseal contribution but rather a local phenom-
enon of bone healing [7, 8]. This explains why overgrowth does not occur in cases of
disarticulation where there is intact articular cartilage rather than transected bone. If
stump overgrowth is a local phenomenon, it is unclear why it is not observed follow-
ing adult amputation. Speer, by conducting an experimental histological study on the
immature skeleton of rabbits, described the pathogenesis of stump overgrowth and
explained why it does not occur in the mature skeleton [22]. His study indicates that an
amputation stump responds via wound healing and intramembranous bone formation.
In the immature skeleton, the elastic characteristic of the periosteum allows it to pull
away from the end of the amputee stump and leads to local bone formation, Figure 2.

4. Diagnosis and clinical picture

Patients with stump overgrowth present with pain, intolerance to the prosthesis,
soft tissue irritation, pressure ulcers, skin perforation, and infection. The sharp edge
of the bony spike can be palpated subcutaneously. The diagnosis is confirmed radio-
graphically, with characteristic distal tapering of the bone to a narrow tip, with the
absence of a medullary canal (the so-called licked candy sign), Figure 1. Orthopaedists
should differentiate between stump overgrowth and bone spurs, which develop as a
response to periosteal stimulation at the periphery of transected bone edges. Such bone
spurs rarely necessitate stump revision. The cause of pain might also be an adventitious
bursa, which is common in soft tissues overlying an area of the stump.

5. Treatment

5.1 Conservative treatment

The initial management of stump overgrowth includes prosthetic modifications
and lifestyle adjustments. Before wearing the prosthesis, soft tissues should be pulled
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distally to prevent “mushrooming” of the soft tissue proximally into the socket. In
many cases, the cause of pain is attributed to bone spurs and adventitious bursae,
which can be treated with aspiration, steroid injections, and stump wrapping.

The skin traction method, first described by Marquardt in the late 1960s, has
been reported to be successful in selected cases [10, 23]. This method has become
the standard in very young children with very short stumps, in whom further
shortening may preclude the use of prosthetics. The method involves a lengthy
treatment and requires a cooperative parent. Older children can be taught to apply
traction by themselves. The early period at the beginning of the treatment, before
the skin becomes adherent to the underlying bursa, is important. The method is less
successful for amputations below the knee due to the presence of the interosseous
membrane and related tissue that hold the soft tissue firmly to the bone. Traction
should be applied 23 hours a day, with 1 hour off for cleaning, and should be contin-
ued until skeletal maturity. A skin adhesive, such as Hollister medical skin adhesive,
is applied to the distal stump. Cotton or nylon stockinettes are placed on the limb
over the adhesive and pressed onto the skin firmly. After the adhesive dry, the loose
end of the fabric is split into medial and lateral “tails.” The tails are cut to the skin
margin where the stockinette is adherent to the skin and are used to counter-pull
through a D-ring attached to the outside of the socket after being looped around a
rod built into the prosthesis. Night traction is achieved by attaching the tail of the
stockinette to rob with appropriate weight over a pulley on the side of the bed."

5.2 Surgical treatment

The surgical treatment of stump overgrowth has always been a challenge. Simple
excision of the overgrown bone is associated with high recurrence; Davids et al.
[11] reported a rate of revision as high as 87% after simple bone excision, multiple
revisions (more than one revision) have been reported in 18% of cases, and one case
with six revisions has been reported [5, 12]. Repeated surgical excision, while it is
temporarily effective, leads to progressive shortening of the stump. A lack of under-
standing of the pathogenesis has led to a wide variety of treatment recommenda-
tions. Disproportional growth between bone and soft tissue has been considered a
reason for overgrowth in the immature skeleton. Attempts to treat the condition by
proximal epiphysiodesis and leaving a redundant soft tissue envelope have failed to
stop overgrowth [12, 17-19]. The recent hypothesis, which considers overgrowth
alocal appositional overgrowth as a result of the healing process [6-8, 21], has
directed surgical treatment for reducing the intensity of the bone healing process.
Attempts to stop local bone formation by sclerosing the end of the stump by peri-
osteal excision and cauterization have failed to treat the condition, and histological
studies of the excised-periosteum distal stump have shown viable bony tissue [3].
To interrupt the interaction between the endosteum and surrounding outside soft
and bony tissues, capping of the medullary canal has been suggested. The first
capping procedure was performed by Swanson in 1969 with the use of silicon
rubber [24, 25]. Marquardt, in 1974, has been credited as being the first to propose
the application of a biological cap to prevent bone overgrowth in children. He
described his procedure of using an epiphysis taken from the amputated limb as a
cap to prevent overgrowth of a distal tibia amputation [26]. The goal was to convert
a diaphyseal amputation into a stump resembling a disarticulation type, Figure 3.
Many animal and human studies have been conducted to study the result of cap-
ping procedures using different materials, including 1 - biological caps: cancellous,
cortical, and cartilaginous caps from the amputated distal stump and iliac crest; and

! The technique is furthered described in [23].
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2 — synthetic caps: rubber, polyethylene, titanium, and Teflon caps [1, 3, 4, 11, 24,
26-32] (Table 1). Animal studies on rabbits, with transplantation of the metatarsal
epiphyses and fixation to the end of the amputated bone, have shown epiphyseal
capping to be a very successful procedure to prevent overgrowth [31]. Many further
publications have shown capping of the stump with an osteochondral cap to be the
most effective treatment, with a revision rate of 0-10% [4, 29, 32, 33]. A controlled
study compared osteochondral capping of the stump with simple resection and
found a revision rate of 10% and, subsequently, of 86% [11, 28]. The distal epiphy-
sis of the amputated stump, distal tibia, distal ulna, head of the metatarsal bone,
and calcaneus serve as donors for the osteochondral cap for primary amputation
(amputation where a distal stump is available). Finding a donor for the osteochon-
dral cap is a challenge in secondary amputation (revision cases and cases where the
distal part is absent), and the proximal fibula of the ipsilateral knee can be used
in these situations [4, 29, 31, 33]. To avoid donor site morbidity (knee instability),
Paley D used the apophysis of the iliac crest as a cap in a case series of patients [34].
Bernd et al. [27] studied the relationship between the revision rate in cartilaginous
stump plasty and different factors and found no relationship with sex, reason for
amputation, origin of the graft or method of fixation (screw vs. wires). However,
revision was related to age and site; there were no revisions in patients below the age
of 10 years old, and there were more revisions in the humerus; the high revision rate
in the humerus was attributed to a loose interference fit between the humeral shaft
and cartilaginous cap [32].

To avoid donor site morbidity and to substitute biological caps when unavail-
able, synthetic cap usage has been attractive for orthopedist. Silicon rubber, poly-
ethylene and titanium caps have shown poor results [3, 11, 24]. Although capping

Figure 3.
Tibia stump plugged by cartilaginous cap.
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N Year Author Revision Type of cap Note
rate
1 1978 Wang et al. Zero Epiphyseal cap from Animal study
amputated limb of
rabbits

2 1991 Bernd et al. 12% Bone graft
3 1992 Benevenia 10% Epiphyseal cap form

etal. amputated segment
4 1992 Hughetal. Zero Ipsilateral fibula
5 1995 Davids et al. 70% Polyethellene Failure mainly due to infection,

prosthesis loosening, difficult
soft tissue coverage

6 1995 Davids et al. 27% Bone graft

7 2004 Davids et al. 29% Teflon

8 2015 Fedorak 10% Ipsilateral fibula
etal transplanted to tibias

9 2017 Fedorak 30% Ipsilateral fibula High failure rate in humerii
etal transplanted to treated by osteochondral

humerii transplantation

10 2017 Fedorak 69% Bone graft
etal

1 2019 Paley and 50% Apophysis of the A case series

Jahmani ileac crest
Table 1.

Result of caping procedure by different authors using different capping materials.

with synthetic material is successful for reducing the intensity of bony growth, the
revision rate is high because of failure of fixation, infection, implant fracture, and
difficulty covering with soft tissue. The synthetic cap must be biologically inert
and durable. Teflon caps show better results than other synthetic materials, with
a29% revision rate. This result is comparable to capping of the stump with bone
grafts; the cause of failure is mainly due to infection and painful bursa rather than
overgrowth [3].

Conclusion of treatment: conservative treatment (prosthesis and lifestyle
modification) is the initial treatment, and the skin traction method can be used in
selected cases, especially in very young patients and cases of short stumps. When
performing amputations, prophylactic transplantation of an osteochondral graft to
plug the stump is recommended when a graft is available. In revision cases and cases
in which the osteochondral graft is unavailable, the head of the fibula and Teflon
caps can be used to plug the stump.
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