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Abstract
Introduction: Transfemoral amputation results in a prosthesis which bears
weight on the ischium. Gait disturbance, lack of an end-bearing stump and
discomfort in the groin from the socket even while sitting, are important issues.
Methods: This is a pilot report of an ongoing randomized blind clinical trial of
a new intramedullary implant post transfemoral amputation. Here, we describe
a single case illustrating the surgical technique and clinical outcome of a dysfunctional post-traumatic transfemoral amputation addressed with this implant.
Clinical gait analysis, SF-12 and VAS were assessed pre- and post-intervention at
6 months of follow-up. Results: An improved stump control is accomplished
by means of myoplasty and myodesis through an end-cap. Stride width improved from 0.21 m pre-op to 0.13 m post-op, and more symmetrical stride
length (∆0.21 m pre-op vs. ∆0.06 m post-op) was noted, indicating improved
gait quality and stability. Gait velocity increased (0.51 ± 0.04 m/s pre-op vs. 0.64
± 0.02 m/s post-op). Conclusion: This technique reveals improvements in gait
parameters in a transfemoral amputee treated with a new procedure. Improved
prosthesis control, sitting comfort, greater hip range of motion, better gait stability, and enhanced walking abilities were noted.
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1. Main Text
1.1. Background
In 1857 Rocco Gritti, a young surgeon at Ospedale Maggiore in Milan published
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an article describing a method of supracondylar femoral amputation using the
patella as an osteoplastic flap to provide an end-bearing stump [1]. The procedure was modified by Stokes [2] and is known as Gritti-Stokes procedure. It remains in widespread use today, most often for amputations secondary to vascular disease, as well as in trauma [3].
Gritti’s concept is that the level of transfemoral amputation is of prime importance for success of the procedure [4] [5]. The level should be low to allow
the patella to fuse on a wide area of cancellous bone. Gritti recommended that
the femur should be transected at the upper level of the old epiphyseal growth
plate, corresponding to the adductor tubercle. Its use is restricted to cases where
the amputation level is just above the femoral condyles. The possible benefit of
an end-bearing stump as compared to a standard above-knee amputation is an
easier prosthetic fitting since the pelvis is free of contact from the prosthesis; this
observation has been reported by Faber et al. [6]. In addition, a decreased need
for assistive devices for mobilization and wheelchair use have been described by
Taylor et al. [3].
This short pilot report describes a novel intramedullary implant currently being studied by an ongoing randomized blind clinical trial in the context of a
transfemoral amputation. The implant used is a femoral stem (MAKAN®; Medacta International, Castel San Pietro, Switzerland) cemented into the proximal
femur and attached to a distal end-cap. This system allows for end-bearing on
the end-cap even with more proximal transfemoral amputation and permits to
bypass ischial bearing.

1.2. Case Presentation
A 60-year-old man presented 4 years post motorcycle accident which resulted in
a transfemoral amputation at the junction of the middle and distal thirds of the
left femur. The traumatic transfemoral amputation was treated by the trauma
team utilizing a standard surgical technique including wound debridement,
myodesis and myoplasty, and primary closure. At the same time, he sustained an
ipsilateral pertrochanteric fracture which was fixed with a sliding hip screw.
Both interventions healed uneventfully.
During physical rehabilitation, the patient reported moderate to severe discomfort at the ischium as well as substantial difficulties in gait requiring constant use
of two crutches. This was despite several attempts to improve prosthetic fitting as
well as extensive physical therapy. Examination revealed a dysfunctional amputation with a miss-match between the tissue stump and the bone stump due to tissue
redundancy. The prosthesis had a vacuum suspension socket, integrated ischium
support, C-Leg knee and C-Walk foot (Ottobock©, Ottobock SE & Co. KGaA).
After institutional board approval and signed informed consent, the patient
was offered a revision of the stump with the MAKAN® implant (Figure 1).

1.3. Implant Description
The MAKAN implant consists of a cemented intramedullary stem attached to a
DOI: 10.4236/ojo.2021.116019
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Figure 1. Top panel: The MAKAN® implant, (a) coronal view of the cap; (b) axial view of
the cap from below; (c) intramedullary stem. Bottom panel: (d), (e) Pre- and post-operative
standard radiographs showing implant position.

distal end-cap (Figures 1(a)-(c)). The intramedullary component is the femoral
stem of a total knee arthroplasty (GMK Revision, Medacta International, Castel San
Pietro, Switzerland). The end cap is intimately attached to the femoral stem through
a press-fit mechanism and secured with an axial compression screw. The cap comes
in various sizes with a 6-degree valgus wedge to restore the mechanical axis of the
femur. This implant obtained a CE certification (Reg. No: MED 29022-B).

1.4. Surgical Procedure
Pre-operative radiographs and computed tomography were obtained to determine implant length and diameter.
The patient underwent surgery in the supine position and a sterile thigh
pneumatic tourniquet was applied. The skin incision was made through the previous surgical scar down to the tip of the remaining femur. The various muscle
compartments were identified and prepared for later myoplasty and myodesis.
The intramedullary canal was visualized and prepared for reaming. Sequential
reamers from 11 mm - 16 mm were used to prepare the intramedullary canal up
to the planned implant size. A16mm diameter MAKAN® stem was cemented into the medullary canal, as the implant addresses different levels of amputation
where the intramedullary canal maybe too wide. Then a medium size cap was
press-fitted to the stem and secured with an axial screw. The size of the cap was
selected as to accurately match the surface of the patella according to Gritti’s
principles. To secure the various muscles, particularly the hamstrings, myoplasty
and myodesis reconstruction of the stump was carried out with FiberWire®
(Arthrex, Switzerland) inserted through the multiple holes in the cap. After irriDOI: 10.4236/ojo.2021.116019
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gation and hemostasis, the stump was closed in layers and loosely dressed. A
post-operative radiograph was obtained (Figure 1(d) and Figure 1(e)).
Once the wound was healed the patient was fitted with a new prosthesis which
included a silicone liner, vacuum suspension and a custom-made hard socket
without any pelvic or ischial contact. The C-Leg knee and C-Walk foot (Ottobock©, Ottobock SE & Co. KGaA, Duderstadt, Germany) were maintained.
In this setting, load transfer was assumed to occur at the distal stump and at
the level of the soft tissues surrounding the femur.

1.5. Outcome Measures
The choice of the outcome measurements was based on the recommendation of
Esquenazi et al. 2014 in “Gait analysis in Lower-Limb Amputation and Prosthetic Rehabilitation” [7]. These included Clinical gait analysis (CGA) using a
12-camera motion analysis system (Oqus 7+, Qualisys, Gothenburg, Sweden).
Markers were placed on the lower limbs and pelvis according to the Conventional Gait Model [8]. Data was collected for at least five gait cycles. Visual 3D
(C-Motion, Inc., Germantown, USA), the open-source Biomechanical ToolKit
package [9] and Matlab R2012b (MathWorks, Natick, USA) were used for kinematics, data analysis, and gait quality scores calculation (Figure 2 and Table 1).
Stride width, stride length and gait velocity were measured. Gait stability and
walking ability were assessed with the Tinetti test [10] and the Gillette Gait Index (GGI) [11]. Physical function was assessed through the 6-minute Walk Test

Figure 2. Kinematic curves before and after surgery: (a) right knee, (b) right ankle, (c) left
hip, and (d) left foot. First CGA performed before the MAKAN® implant, second CGA
performed at 6 months post implant. Grey area is the healthy gait +/− one standard deviation. Vertical lines are foot-offs.
DOI: 10.4236/ojo.2021.116019
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Table 1. Spatio-temporal parameters (i.e., gait velocity, cadence, percentage of stance
phase, stride length, and step length) at each visit. The operated and non-operated sides
were analysed and compared for walking trial and kinematic curves in the sagittal plane,
as well as the range of motion for hip, knee and ankle joints.
Before Surgery
Mean (SD)

After Surgery
Mean (SD)

Gait Velocity (m/s)

0.51 (0.04)

0.64 (0.02)

Cadence (steps/min)

71.87 (2.53)

74.36 (1.25)

Operated limb

70.1 (3.7)

70.6 (0.89)

Non-operated limb

80.1 (1.1)

77.7 (0.96)

Spatio-Temporal

Stance phase (%)

Stride length (m)

Operated limb

0.54 (0.02)

0.55 (0.03)

Non-operated limb

0.33 (0.02)

0.49 (0.01)

Step width (m)

0.21 (0.01)

0.13 (0.01)

Operated limb

27.4 (5.5)

40.6 (1.5)

Non-operated limb

40.7 (1.5)

42.7 (1.7)

Operated limb

50.8 (14.6)

52.8 (4.1)

Non-operated limb

62.8 (3.2)

63.6 (2.9)

Operated limb

8.6 (2.3)

10.3 (0.9)

Non-operated limb

23.0 (2.2)

26.7 (2.8)

Kinematics
Hip Flexion range - gait cycle (˚)

Knee Flexion range - gait cycle
(˚)

Ankle dorsiflexion range - gait
cycle (˚)

(6-WT). Short Physical Performance Battery (SPPB) and Timed Up & Go
(TUG) were computed. Quality of life was assessed by Short Form-12 (SF-12).
Level of pain was evaluated with the Visual Analogue Scale (VAS) and comfort
was discussed with the patient at each visit. These data were measured
pre-operatively and at 6 months post-operatively.

2. Results and Discussion
Results showed improved stride width (0.21m pre-op vs. 0.13m post-op), and a
more symmetrical stride length (Δ0.06 m post-op vs. Δ0.21 m pre-op) indicating
improved gait quality and stability. Gait velocity increased (0.64 ± 0.02 m/s vs.
0.51 ± 0.04 m/s) (Table 1).
The Tinetti test evolved from 22 pre-op to 25 points post-op, indicating improved stability. GGI evolved on the left side from 87 pre-op to 94 post-op and
on the right side from 148 pre-op to 120 post-op respectively indicating overall
gait improvement. Ankle and knee kinematics improved on the sound side
DOI: 10.4236/ojo.2021.116019
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(Figure 2(a) and Figure 2(b)). Furthermore, a better angle of foot progression
and hip kinematics were noted (Figure 2(c) and Figure 2(d)). The 6-WT improved by 31.5% (165 m pre-op to 240 m post-op). The SPPB went from 7
pre-op to 9 points post-op (range 0 - 12 points, 12 indicates the highest degree of
lower extremity function). TUG was performed in 18 seconds instead of 23 with
traditional hard socket reflecting a better balance and stability.
The scores in physical (PCS-12) and mental (MCS-12) components of SF-12
increased from PCS-12 23.4/MSC-12 47.6 to PCS-12 46.1 /MSC-12 62.4. The
pain score VAS went from 4 to 2. The patient described increased comfort while
sitting as noted by a reduced need for changing positions, absence of groin irritation and ability to wear the prosthesis all day.
The patient also expressed better stump and prosthesis control as compared to
his previous prosthesis which was ischial load bearing. He noted a “remarkable”
increase in walking distance and duration. This might be a direct benefit of the
improved end-bearing allowing for elimination of ischial containment and
weight transfer distally to the end-cap and the soft tissues of the thigh.
These preliminary observations support the continuous use of this technique
in the setting of transfemoral amputation. Ischial liberation and restoration of
end-bearing appear to improve gait, comfort, speed and distance of walking, balance, physical function and level of pain when tested at 6 months post-operatively.
Furthermore, this implant offers the possibility to be used with higher levels of
amputation as demonstrated by this case.

3. Conclusion
In conclusion, this technique reveals improvements in gait parameters, comfort
and quality of life in a transfemoral amputee treated with a new procedure. The
ability to transfer load through a distal end-cap and as well avoid ischial bearing
appears to be responsible for the benefits noted. Regarding these favorable outcomes, larger studies and randomized control trials are required and ongoing.
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