CASE STUDY

Effects of Aquatic Physical Therapy in Children With Congenital Femoral Deficiency
Who Underwent Bone Lengthening Using an External Fixator: A Case Report
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Introduction and Objective: Congenital femoral deficiency (CFD) is a malformation that affects 0.2 persons per 10,000 live
births. The orthopedic treatment proposed for this disease is bone lengthening using an external fixator (EF). During this
treatment, reductions in the range of motion (ROM) of the knee, alterations in the gait speed (GS), and worse quality of life
(QOL) commonly occur. Therefore, rehabilitation of patients with CFD receiving this treatment is essential. Aquatic
physical therapy (APT) is an innovative approach for this population, however, there are no reports on the effects of APT in
patients with CFD after bone lengthening. The objective of this study was to assess the influence of APT on the knee ROM,
GS, and QOL of 2 children with CFD implanted with an EE

Case Description: Two children with right-sided CFD implanted with an EF were selected. They received an APT protocol
focusing on balance, muscle activation, analgesia and mobility of the right knee, and gait. The right knee ROM, GS, and
QOL were measured using right knee goniometry, a 10-m walk test before and after each session, and the Child Health
Questionnaire—Parent Form 50 before and after the protocol.

Results: An increase in the ROM of the right knee and an improvement in the QOL were observed after the protocol. Only
one of the children had an increased GS.

Conclusion: The APT protocol increased the knee ROM and improved QOL of the 2 children with CFD implanted with an

EE (J Aquat Phys Ther 2022;30(3):65-69)
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Congenital femoral deficiency (CFD) is a rare malformation
of the femur of unknown cause that can range from hypoplasia
to the total absence of the femur. This alteration occurs in the
embryonic period, from the 4th to 8th weeks of intrauterine life,
causing dysfunction of the hip and knee joints. Its incidence is
0.11 to 0.20 per 10000 births, and 85% to 90% of cases have
unilateral involvement. !

Several classifications have been described to guide the
treatment and improve the prognosis using radiological exam-
inations. Paley’s classification is the most commonly used
classification system, which considers several factors that influ-
ence the reconstruction of the femur.? This classification has 4
types and subdivisions, which describe the distal femoral mal-
formation from preserved and progressing knee mobility to the

complete absence of the femur.?
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Typically, the treatment of CFD consists of femoral length-
ening with the use of either an external fixator (EF) or a
magnetically motorized intramedullary rod.> During the bone
lengthening process, it is common for patients who have a
present knee joint to have a decreased range of motion (ROM)
of the knee, resulting from inflammation and pain in the region
where the pins are attached, as well as from muscle atrophy and
loss of strength, a balance deficit, and asymmetries in gait.*

The objective of physical therapeutic rehabilitation is to pro-
mote independence and ambulation. It is important to maintain
or improve the functional knee ROM, increase muscle strength
and weight-bearing capacity for a smoother and more con-
trolled gait pattern, improve balance, and prepare the patient
for activities of daily living >

Aquatic physical therapy (APT) is a possible intervention
for patients with CFD because it helps reduce pain and edema,
decreases joint overload, increases the degrees of freedom of
movements, facilitates safe gait training, stimulates proprio-
ception, and increases muscle activation.®” These benefits are
promoted by the physical and thermodynamic principles of
water, which can facilitate or hinder any type of movement.”
Hydrostatic pressure aids venous return and the transport of
fluids that are important factors of both analgesia and inflam-
mation, along with temperature.® The level of immersion at the
height of the xiphoid process, along with the thrust, decreases
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the percentage of weight-bearing on the joints, facilitating
anti-gravitational movements, such as knee flexion and hip
flexion.”

It is known that mineral deposition in the bone structure
stimulates consolidation.!® The reduction of the weight load
while in the water occurs owing to the thrust action; however, it
has been observed that this facilitates muscle activation because
the force exerted by the muscle that contracts against a resis-
tance produces a mechanical stimulus in the bone, and this
stimulus is similar to that resulting from a weight load. Weight-
bearing can also be facilitated by the viscosity of water, which
allows the individual to perform activities with greater safety,
since it promotes an increase in the response time to imbalance,®
contributing to exercises being performed with unilateral sup-
port. Turbulence can be used to promote analgesia, in addition
to providing some balance instability. The physiological effects
and scientific evidence of the effectiveness of APT influence the
domains of quality of life (QOL).1112

Considering the benefits of water on an immersed body and
the problems observed in individuals with CFD implanted with
an EE the objective of this study was to verify the effects of APT
on the knee ROM, gait speed (GS), and parents’ perception of
the QOL of 2 children with CFD implanted with an EE

METHODS

This case study involved 2 patients, a 10-year-old boy and
an 8-year-old girl, who started femoral bone lengthening treat-
ment using a unilateral EF less than 6 months ago. Both patients
had DCF type la according to Paley’s classification and a 4-cm
discrepancy in the right lower limb. They were in the consol-
idation phase, with the EF implanted in the right femur. The
patients followed an APT exercise protocol for 4 weeks, with
35-minute sessions once a week, with the water temperature
at 33 °C. They also underwent conventional physical therapy
once a week, on different days from APT, for 35 minutes,
with exercises focusing on body weight unloading and muscle
strengthening. The evaluations were performed before and after
each APT intervention, which made it possible to measure the
results of each APT session in isolation.

During APT, it is important to avoid trauma and mechan-
ical shock to the affected limb. The patient and their companion
must be instructed to wash the pin incision area with running
water and perform adequate hygiene after every therapy ses-
sion. In the case of signs of inflammation or infection in the pin
incision, liquid medium therapies must be suspended, and a
medical evaluation will be necessary. All these precautions were
taken before placing the patients in the aquatic environment for
therapy. No complications occurred at any time, and the patients
had periodic medical follow-up.

Case Description

The 2 children underwent 3 evaluation procedures. The
ROM of the right knee and the GS were evaluated before and
after each intervention, and the parents’ perception of their
children’s QOL was evaluated before and after the APT protocol.
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Goniometry'? of the flexion and extension of the knee was
used to measure the ROM of the right knee, starting at the max-
imum extension amplitude of the right knee, with the patient in
dorsal decubitus, positioned at 90° of hip flexion, and with the
fixed arm of the goniometer parallel to the greater trochanter,
the axis of the goniometer parallel to the knee joint, and the
mobile arm of the goniometer parallel to the tibia.

To evaluate the GS, we used the 10-m walk test.!* For this
test, the patients were initially in the standing position, with the
support of bilateral forearm crutches and with shoe compen-
sation of the affected lower limb. At the evaluator’s command,
the patients walked for 10 m, having been previously instructed
to walk as fast as possible safely and without running. The
evaluator used a digital stopwatch to count the time.

Finally, the Child Health Questionnaire—Parent Form 50
(CHQ-PF50) was administered to assess the parents’ perception
of their children’s QOL. This is a generic instrument for assessing
health-related QOL in children older than 5 years and adoles-
cents, aiming to determine the patients’ physical, emotional,
and social well-being from the perspective of their parents or
guardians. The questionnaire was administered by the evalu-
ator before the first session and after the last session of the APT
protocol.

The intervention protocol in the aquatic environment
consisted of the following:

- Static passive stretching of the ischiotibial muscles of the
affected limb for 60 seconds in the sitting position while
immersed in water;

- Static passive stretching of the knee extensors of the
affected limb for 60 seconds in the sitting position while
immersed in water;

- 10 minutes of exercises simulating pedaling, in the ver-
tical position and supported by floats, while immersed
up to the level of the xiphoid process;

- Unipedal support of the affected lower limb in the
standing position 5 minutes, with the contralateral lower
limb placed on a step while immersed up to the level of
the xiphoid process and with turbulence generated in the
direction of the affected limb;

- Picking up of 10 rings with the foot of the affected lower
limb, in the standing position, while immersed up to the
level of the xiphoid process, repeated 3 times;

- Three sets of 20 repetitions of active flexion of the knee
of the affected lower limb, in the standing position, while
immersed up to the level of the xiphoid process; and

- Independent march for 5 minutes while immersed up to
the level of the xiphoid process.

Figure 1 shows one of the patients implanted with an EF
performing an activity in the pool.

Data Analysis

The data were computed using Microsoft Excel. A descrip-
tive analysis between the data on the knee ROM and GS obtained
before and after the intervention in each session was performed.
Data on the QOL were analyzed before the first session and

Journal of Aquatic Physical Therapy

Copyright © 2022 APTA Academy of Aquatic Physical Therapy. Unauthorized reproduction of this article is prohibited.



Fig. 1. Patient implanted with an external fixator entering the pool to undergo
aquatic physical therapy.

after the last session of the protocol. The results were described
individually for each of the cases analyzed.

RESULTS

An increase in the ROM of the direct knee was observed after
each APT intervention and after the entire protocol established
for the 2 children. Figures 2 and 3 show the male and female
patients’ ROM progression throughout the sessions, respectively.

The male patient showed an increased GS after each inter-
vention and at the end of the protocol. The female patient did
not show an increase in the GS after any session or at the end of
the protocol. Figures 4 and 5 show the male and female patients’
GS progression over the APT protocol, respectively.
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Fig. 2. Range-of-motion progression of the right knee of the male patient
(presented in degrees).
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Fig. 3. Range-of-motion progression of the right knee of the female patient
(presented in degrees).

Both patients showed improvements in most QOL domains
in the CHQ-PF50. Figures 6 and 7 show the changes in the QOL
domains after each session and before and after the established
protocol in the male and female patients, respectively.
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Fig. 4. Gait speed progression of the male patient (presented in meters per
second).
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Fig. 5. Gait speed progression of the female patient (presented in meters per
second).
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Fig. 6. Child Health Questionnaire—Parent Form 50 scores before and after the
intervention in the male patient.

DISCUSSION

APT can aid in achieving functional gains for patients
implanted with an EF for bone lengthening. However, APT is
rarely an object of research. No standardized procedures have
been described, and there are few reports of procedures to
date.'® During the consolidation phase of femoral lengthening,
the knee ROM, as well as muscle strength, should be maintained
as functional as possible to ensure treatment success.’

In this study, the patients initially demonstrated a decrease
in the knee ROM of the affected limb owing to the fixation of the
pins in the musculature, which impacts the knee joint’s capacity
for adequate movement. This is a very frequent finding in this
population.® After the APT intervention period, there was an
increase in the knee ROM, an increase in passive flexion, and
a decrease in residual flexion at rest. These gains were noticed
immediately after the intervention and throughout the sessions.

We believe that these gains are the result of static stretching
and active exercises, such as pedaling, active knee flexion in the
standing position, and knee flexion when picking up rings with
the foot of the affected limb. The execution of these exercises was
directly related to the physical and thermodynamic principles
on the body in immersion. Warm water promotes muscle relax-
ation, which facilitates the stretching and mobilization of the
joints and body segments with the knee flexors and extensors.’
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Fig. 7. Child Health Questionnaire—Parent Form 50 scores before and after the
intervention in the female patient.
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An increase in the GS was observed in the male patient
after the interventions, demonstrating functional improvement
and the positive transference of the gains obtained in each APT
session. This did not occur in the female patient, whose GS
decreased. The gait training performed in the pool was included
in the protocol to promote the experience of the activity and
the subsequent repercussion on the ground after the protocol.
The GS may not be a sensitive parameter to score this popula-
tion’s functional improvement. An evaluation using movement
analysis instruments may be necessary to evaluate the spatial-
temporal parameters and the asymmetries of gait, observing the
affected limb in a more global manner.

The QOL of the male patient, as perceived by his parents,
improved in 7 of the 9 CHQ-PF50 domains. The “well-being”
and “behavior” domains were the only domains for which the
patient’s mother did not notice any improvement. Meanwhile,
the QOL of the female patient, as perceived by her mother,
improved in all domains, except for “well-being.” We believe
that the children implanted with an EF were dissatisfied from
an aesthetic point of view, and after the proposed protocol
started, the sequence of activities may have interfered in the
routine of their families, impacting the perception of well-being
and behavior. The aquatic environment is not only motivating
but also challenging. These aspects may have influenced the
well-being of the patients because it is known that repeti-
tive exercise protocols can become tiring and demotivating;
motivated participants are known to contribute to a better ther-
apeutic response.!” Another study observed that in addition
to motor improvement, an aquatic activity program yielded
benefits in social function, which consequently influenced the
QOL.H’H

As mentioned previously, warm water promotes analgesia,
a fact that may explain the increased score in the “decrease in
pain” domain of the CHQ-PF50. The literature reinforces the
idea that one of the main effects of immersing the body is pro-
moting analgesia. In addition to the effects of temperature, a
sensory overflow occurs in the immersed body, which reduces
the perception of pain in the affected limb. It has been suggested
that just by the child being in contact with the liquid medium,
there is already a reduction in the perception of pain.!'8

The use of a liquid medium in the rehabilitation process
during the use of an EF is still very rare. Patients who receive
this type of intervention rarely have access to a rehabilitation
center and to trained professionals (orthopedists, rehabilita-
tion physicians, and physical therapists) who offer this service.
Some studies®>® report that patients implanted with an EF who
undergo APT after hospital discharge need care to prevent com-
plications and infections. The incision area of the pins should be
clean. After every session, the patient and their caregiver should
wash the pin incision area with running water and perform ade-
quate sanitation. In the case of signs of inflammation or infection
in the pin incision site, liquid environment therapy must be sus-
pended and a medical evaluation will be required. Herein, all
these precautions were taken; no complications occurred, and
the patients had periodic medical follow-up.

During this study, the patients had already completed the
bone lengthening phase and were in the phase of bone healing,
which allowed adequate and early weight load throughout

Journal of Aquatic Physical Therapy

Copyright © 2022 APTA Academy of Aquatic Physical Therapy. Unauthorized reproduction of this article is prohibited.



the prescribed exercises. They demonstrated no complications
during the intervention protocol.

There is a scarcity of literature related to the rehabilitation
of patients with CFD implanted with an EF, particularly to reha-
bilitation in an aquatic environment. In this study, an increase
in the ROM of the right knee was observed in both patients after
all APT sessions, in addition to an improvement in the QOL, as
perceived by their parents, after the protocol. This study demon-
strates that APT promotes positive effects in patients with CFD
implanted with an EE

This case study had a small sample size, which limits the
generalization that the APT protocol can be extended to the
entire population with CFD implanted with an EE

WHAT DOES THIS CASE ADD TO EVIDENCE-BASED PRACTICE?

In this study, it was observed that functional APT promoted
an increase in the knee ROM and an improvement in the par-
ents’ perception of the QOL of 2 children with CFD implanted
with an EF for bone lengthening. This study may serve as a ref-
erence for future studies and possible clinical trials with larger
samples to either support or refute the findings. The use of APT
in this population has not been well addressed in the previous
literature and is scarcely studied but is extremely important for
the rehabilitation of these patients.
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