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Background and purpose — The retrograde femoral
approach is an established technique for implantation of
nails for leg lengthening and correction and in cases of distal
femoral fractures. The purpose of this study was to deter-
mine the 10-year outcome of this technique by analyzing the
clinical long-term effects and radiological status of the knee
after leg lengthening via a retrograde femoral approach.

Patients and methods — This retrospective single-
center study included 13 patients (median age at surgery 17
[range 15-20] years) who underwent unilateral, retrograde,
femoral lengthening with a motorized nail. Outcome mea-
surements were graded variables of the SF-36, ISKD score,
and Lysholm score. MRI of both knees was performed in all
patients. MRI was evaluated for the presence of degenerative
changes and compared with the healthy contralateral knee.
Cartilage condition was graded according to the Interna-
tional Cartilage Repair Society (ICRS) scoring system.

Results — All patients were pain-free and had a full
range of motion 10 (range 10.0-12.2) years after surgery. All
postoperative knees showed fibrosis of Hoffa’s fat pad and
moderate to severe cartilage defects (ICRS Grade 2—4) of the
trochlear groove (nail entry site). 6 out of 13 operated knees
exhibited retropatellar cartilage defects.

Conclusion — Our study showed that patients were pain-
free, but cartilage defects at the entry point and arthrofibro-
sis at Hoffa’s fat pad were observed without causing clinical
impairment.

The correction of congenital and post-traumatic femoral defor-
mities is a common indication in orthopedic surgery. Femoral
bone lengthening with external fixators has proved to be asso-
ciated with a high-risk profile (1,2). In contrast, the use of the
recently introduced motorized femoral intramedullary nail has
allowed a significant reduction in intervention-related com-
plications while maintaining the advantages of a retrograde
approach (3-6). A major advantage of the retrograde over an
anterograde technique is the greater potential for correction
of limb deformities (3). In addition, the retrograde femoral
approach has been described as beneficial for the treatment of
distal diaphyseal and metaphyseal fractures in obese patients
(7,8). Although retrograde nailing is a promising technique,
there are several steps and features specific to this method that
must be followed to minimize complications. For example,
the use of drill sleeves is essential to avoid contaminating the
knee joint with bone marrow and to protect the patella and
quadriceps tendon (5,6,9). Contemporary literature revealed
superior patient outcomes after lower extremity valgus cor-
rection with a retrograde intramedullary femoral nail (IMFN)
versus a less invasive stabilization system (LISS) procedure.
IMFN patients displayed better limb function, patient com-
fort, and healing parameters 2 years after surgery. Radiologi-
cal comparison showed no significant differences in the knee
joint findings between the IMFN and LISS patients (10).
Overall, the current literature suggests good patient safety
and outcomes within a 12-24-month follow-up period after
retrograde femoral nailing (11,12). However, studies with
longer follow-up are lacking. These are of interest, though,
as the retrograde approach could be associated with acceler-
ated knee joint degeneration, which may become evident only
many years after surgery in this usually young patient cohort.
Therefore, the question remains whether retrograde femoral
nailing in the long term leads to accelerated degeneration of
the knee joint and patient discomfort. Consequently, the pur-
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Intramedullary leg lengthening
using a retrograde approach
performed between 2006 and 2009
n=20

Excluded (n = 7):

- trauma or surgery of the
contralateral knee, 4

- no follow-up examination, 3

Study inclusion
n=13

Figure 1. Flowchart of study inclusion.

pose of this study was to assess radiologically and
clinically the knee joints of patients 10 years after
retrograde motorized femoral nailing surgery.

Figure 2. A3-mm K-wire is used to define the optimal insertion point of the trochlea
and a cone is inserted over the Kirschner wire to bluntly drain the patellar tendon
and patella to the side. If the cone is correctly positioned, the protective sleeve
(inner diameter 13 mm) is inserted retrograde with a tube sinker. Reaming (final
reamer with 12.5 mm diameter) is performed from retrograde through the sleeve
to the planned osteotomy line and a drill hole osteotomy is performed through a
percutaneous incision. Right image shows the final result with the implanted nail.

Patients and methods

Study design, setting, and participants

This is a retrospective single-center study reported
according to STROBE guidelines. Between January 2006 and
December 2009, 20 patients with leg-length discrepancy had
undergone leg lengthening with a motorized nail (FITBONE,
Telescope Active Actuator nail [TAA]; WITTENSTEIN
intens GmbH, Igersheim, Germany) via the retrograde femo-
ral approach at our institution. At the time of initial surgery, all
patients had closed physes.

Patient inclusion criteria were intramedullary lengthen-
ing surgery performed at our institution, using a retrograde
approach, during the given inclusion interval from 2006 to
2009. Cases in whom MRI examinations could not be per-
formed safely were excluded from the study (e.g., pacemakers,
cochlear implants, neurostimulators, other MRI-incompatible
devices, claustrophobic patients requiring sedation, and preg-
nant patients) or when injury or surgery of the contralateral
knee was reported (4 patients). 3 patients were lost to follow-
up. Eventually, 13 patients (4 females, 9 males) were recruited
(Figure 1). Median time between study enrollment and sur-
gery was 10.0 (range 10.0—-12.2) years and median patient age
at the time of surgery 17 (range 15-20) years. Patient details
are summarized in Table 1.

Surgical procedure

Surgery was performed by a senior orthopedic surgeon with
20 years of experience (AK). Prior to surgery, leg length dis-
crepancy, preoperative mechanical axis alignment, and joint
alignment were assessed on plain radiographs (long-leg stand-
ing radiographs). These measurements were performed under
conditions similar to the standard preoperative protocol for
retrograde correction planning as described by Baumgart (13).
The femoral FITBONE TAA is straight, unlike conventional
trauma nails, which must be considered during preoperative

Table 1. Patient characteristics

Patient Age Etiology of LLD LLD (cm) Follow-up (years)

1 19.2 Congenital 3.0 1.4

2 18.8 Post-traumatic 4.3 10.2

3 17.5 Congenital 4.5 10.9

4 17.2 Post-traumatic 3.0 10.8

5 18.9 Post-traumatic 2.4 10.2

6 15.7 Congenital 2.5 11.8

7 15.6 Congenital 4.0 10.3

8 16.1 Congenital BI5 10.7

9 15.3 Congenital 3.0 11.0

10 15.7 Post-traumatic 2.5 12.2

11 19.9 Post-traumatic 3.5 10.7

12 16.8 Congenital 3.5 10.0

13 19.5 Congenital 4.0 11.7

(hereditary exostoses)

Mean 17.4 3.4 10.9

Median 16.8 BI5 10.8
range 15.3-19.9 2.4-45 10.0-12.2

LLD = leg length discrepancy

planning. It is essential to plan for supracondylar femoral
displacement and/or angulation osteotomies prior to surgery
to achieve a corrected mechanical axis, thus avoiding early
osteoarthritis after limb and joint malalignment.

The femoral nail was inserted through a small longitudinal
incision of the patellar tendon, 1 centimeter below the patella
via an opening in the trochlea with a diameter of 12.5 mm,
which was prepared with continuous drilling from 8§ mm to
12.5 mm. The bone was opened with special drill sleeves that
prevented contamination of the knee joint with bone chips
(Figure 2) and iatrogenic harm to the knee. The osteotomy
was performed with a drill and chisel. The lengthening pro-
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cess was initiated 5 to 7 days after surgery by induction volt-
age. The impulses were applied 3 times a day.

Outcome assessment

The surgery side and the contralateral side were evaluated
clinically and radiologically, with the latter serving as a con-
trol in this study.

Clinical assessment

The patient’s general health and both knees were clinically
assessed, and health-related quality of life was measured with
the Short Form (SF)-36 questionnaire—a generic 36-item
questionnaire that measures 8 multi-item dimensions of
health (14). The International Knee Documentation Commit-
tee (IKDC) score, which uses a subjective scale, was used to
evaluate overall function. It contains 3 items: knee symptoms,
sports activity, and knee function (15). Finally, the Lysholm
Score, a 100-point scoring system that addresses knee func-
tion and limitation, was applied to evaluate the presence of
limping, weight-bearing tolerance, locking, instability, pain,
and swelling of the knee, as well as locomotion problems
such as climbing stairs and squatting. The score is graded as
excellent (95-100), good (84-94), fair (65-83), or poor (>
65) (16,17). The difference in scoring between the patient’s 2
knees was recorded.

Leg lengths were measured, pelvic equality was checked
(posterior, superior, iliac, spines), gait was assessed (limp-
ing yes/no), and thigh circumferences were measured 15 cm
above the upper patellar rim (CD, MS).

Radiological assessment

Plain radiographs obtained during the 10-year follow-up
period were evaluated for consolidation. This was defined as
corticalization of at least 3 sides of the callus on the biplane
radiographs, followed by transition to full weight-bearing.
Each individual lengthening period (distraction, maturation,
consolidation) and the corresponding indices were calculated
and evaluated. The last radiographic examination was per-
formed after the removal of metal in all patients after success-
ful distraction.

3.0T MRI (Siemens Prisma, Siemens Healthineers, Erlan-
gen, Germany) of both knees was performed consecutively
for each patient after study inclusion at the 10-year follow-up
appointment. Images were evaluated by a board-certified radi-
ologist with 5 years of experience in dedicated musculoskel-
etal radiology and a musculoskeletal imaging fellow.

Knee joint MRI images were morphologically assessed for
marrow edematous changes, cartilage status, defects and tears
of internal ligamentous structures and menisci, degenerative
changes, capsule alterations, fibrosis, inflammatory changes
such as synovitis, muscle atrophy, and fatty degeneration.
The diameter of the distal quadriceps muscle 5 cm above the
patella was compared with the contralateral knee. Cartilage
condition was graded according to the International Cartilage

Repair Society (ICRS) scoring system (18) in all compart-
ments, with special attention paid to trochlear and retropatel-
lar facets.

Statistics

Analyses were performed with commercially available soft-
ware (SPSS Statistics Version 25, IBM Corp, Armonk, NY,
USA) for calculation of mean and median, as well as 95%
confidence intervals (CI) of the measurements.
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Results

Distraction was started a median 6 (range 4—10) days postop-
eratively, with a median distraction index of 1.0 (range 0.8—
1.7) mm/day. The median hospital stay was 14 (range 9-22)
days. At the time, the retrograde femoral leg lengthening was
a novel procedure in these young patients. Consequently,
patients were kept under active surveillance in the hospital
for a relatively long time to ensure patient recovery and com-
fort. The median femoral maturation index was 22 days/cm
(range 16-30). The median consolidation index was 35 (range
27-44) days/cm for the femur.

Questionnaires and clinical evaluation

The median SF-36 score was 87. All patients could perform
at least moderately strenuous activities without limitations,
and 9 of 13 could perform very strenuous activities such as
soccer, running, or lifting heavy objects without limitations.
None of the patients had difficulties performing their work or
other daily activities. 9 of 13 patients had not experienced pain
during the past 4 weeks. The remaining patients reported mild
discomfort.

A median IKDC score of 94% was obtained. 12 patients
scored within the norm of their age group (age between 25
and 34 for male subjects: 89 (SD 16), for female subjects: 86
(SD 19) points) (19). The test showed no relevant clinical dif-
ferences between the operated and nonoperated knees.
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Table 2. Clinical results Table 3. Radiology results
Leg circumference (cm) Patient  ICRS score 2 Hoffa  Vastus
Patient operated nonoperated diffe- Crepi- Pelvic ID trochlea patella fibrosis® atrophy
ID side side rence tation inequality IKDC Lysholm SF36
1 4 0 2 +
1 43.0 48.0 -5.0 + - 92 98 89 2 2 0 2 -
2 52.5 52.5 0 - - 96 100 82 3 8 4 1 +
3 49.0 49.0 0 + - 76 69 63 4 2 4 2 +
4 51.0 52.5 -1.5 + — 70 91 84 5 4 0 1 +
5 52.0 52.0 0 - - 99 99 96 6 4 0 1 +
6 47.0 47.0 0 — — 94 93 95 7 4 2 1 +
7 48.0 48.0 0 + - 95 90 90 8 2 0 1 +
8 56.5 59.5 -3.0 + +a 82 88 79 9 8 1 2 +
9 44.0 45.0 -1.0 - - 81 91 79 10 4 4 1 -
10 49.0 50.0 —1.0 + — 100 100 87 11 4 0 2 +
11 45.0 49.0 —4.0 + - 84 88 89 12 4 1 1 +
12 49.5 SIS —2.0 — — 95 98 87 13 4 2 1 —
13 50.5 50.0 0.5 + - 98 95 89
Median  49.0 50.0 —i/{0) 94 93 87 a|CRS score: 0 = normal, 1 = nearly normal
Cl 48.0-49.5 48.0-51.5 0to-2.0 84-95 91-95 84-89 (superficial lesions), 2 = abnormal (lesions
extending down < 50% of cartilage depth),
a(—1cm) 3 = severely abnormal (lesions extending

Table 4. Side-by-side comparison of the radiology results with num-
bers of patient

Operated Nonoperated

Factor side side
Joint effusion 8 6
Chronic synovitis 0 0
Cartilage defect of the trochlear groove 13 0
Cartilage defect retropatellar 7 2
Hoffa fibrosis 13 0
M. vastus medialis atrophy 10 0

On the knee-specific Lysholm score, a median score of 93%
was achieved. 12 patients achieved an excellent or good score
(each n = 6). All patients were able to bear their full body-
weight on one leg. 2 patients reported an occasional feeling of
entrapment, but no locking sensation, and 1 patient reported
occasional locking. 3 of 13 patients felt somewhat impaired
when climbing stairs. Pelvic equality was achieved and main-
tained 10 years after surgery in 12 patients. 1 patient had a
1 cm deviation from pelvic equality, which was attributed to
pre-existing pes equinus of 15°.

In all patients, the distraction goal was achieved and main-
tained after 10 years. The femur was lengthened by 3.4 cm
(range 2.4-4.5 cm).

7 patients had a smaller thigh circumference on the operated
side compared with the nonoperated side. Overall, the median
circumference of the operated side was 2.6% or 1.3 (SD 0.5)
cm smaller than the nonoperated side.

All patients showed a normal gait pattern without limping
on the clinical examination. Painless anterior crepitation was
evident in 8 out of 13 patients (Table 2).

down > 50% of cartilage depth as well as
down to the calcified level or the subchondral
bone but not through the subchondral bone),
4 = severely abnormal (like 3 but with exten-
sion to the subchondral bone).

b0 = none, 1 = mild, 2 = extensive.

Radiological evaluation

The results of the radiological assessment are summarized
in Tables 3 and 4. Trochlear cartilage defects with an aver-
age ICRS score of 3.4 were found in all post-surgical knees,
whereas no contralateral knee had an ICRS score larger than
1. ICRS grade was 4 in 8, grade 3 in 2, and grade 2 in 3 of 13
patients (Figure 3). In contrast, all contralateral nonoperated
knees achieved ICRS grades O or 1. For the patellar cartilage,
3 of 13 knees showed ICRS grade 4, 2 grade 2, and 8 grades 0
or 1 on the operated side (Figure 4). 1 knee achieved grade 4
and the other 12 grades O or 1 on the nonoperated side.

Hoffa’s fibrosis was found in the MRI of all operated knees
(Figure 5). Musculus vastus medialis femoris atrophy was
noted in 10 out of 13 operated knees and in none of the contra-
lateral controls (Figure 6).

There was no significant difference regarding the presence
of joint effusion when comparing the operated with the con-
tralateral knees. There was minimal joint effusion on both
sides in 6 out of 13 knees, and 2 patients displayed this on
the operated side only. The remaining 5 patients had no joint
effusion at all.

Discussion

This study compared the operated with the nonoperated knee
in patients with status post-femoral lengthening via the ret-
rograde approach with an intramedullary nail over 10 years
after surgery. The study showed that patients were pain-free



Acta Orthopaedica 2023; 94: 128-134

132

Figure 3. Cartilage damage of the trochlea—representative PD-weighted, sagittal images,
showing the cartilage defects of the trochlea at the nail entry site (arrows), with the major-
ity of patients (8/13) having high-grade defects with no residual cartilage coverage (ICRS

4); the minimum score was ICRS 2.

Figure 5. Hoffa fibrosis—representative, PD-weighted, sagittal images
showing an example of mild fibrosis found in 8 patients and severe
fibrosis found in 5 (arrows).

with good limb function, but high-grade cartilage defects of
the trochlea and Hoffa’s fat pad fibrosis were common MRI
findings.

All patients had good clinical outcome 10 years follow-
ing surgery with a retrograde approach. Accordingly, clinical
examinations showed no relevant differences between joint
function of the operated compared with the nonoperated knees
except for anterior, painless crepitation in 8 patients. This was
thought to be related to fibrosis of the Hoffa body. Regarding
the predictive power of the questionnaires, the question arises
as to how accurately the patient answers reflect reality. It may
be that the patients have become so accustomed to the physi-
cal circumstances over the past 10 years that they consider
their current conditions to be normal, when in fact they are
not. At present, however, the results reflect a reality of no rel-
evant impairment of the operated side.

MRI showed atrophy of the quadriceps muscle on the oper-
ated side in 10 of 13 cases, which could be the reason for the
difference in strength. On the one hand, the atrophy could be

= 3 D . ’ A f A 1

Figure 4. Retropatellar cartilage damage—repre-
sentative PD-weighted axial images showing the
scope of cartilage findings following a retrograde nail
implantation (arrows), most commonly (6/13) no car-
tilage damage was found (ICRS 0).

Figure 6. Quadriceps atrophy—representative PD-weighted axial
images showing atrophy of the side of surgery (right column) com-
pared with the nonoperated side (left column). More severe atrophy,
especially of the M. vastus lateralis (arrows), is shown in the top row,
less severe in the middle row, and no atrophy between sides in the
bottom row.

pre-existing due to the congenital deformity with altered bio-
mechanics because of the shortened bone in our patients (8 of
13 patients) (20). On the other hand, a previous biomechanical
study showed a weakening effect of intramedullary lengthen-
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ing on muscle strength. In this study, in the first 2 years after the
procedure a significant difference remained for the maximum
isokinetic torque of the extensors (22% lower in the lengthened
leg, preoperatively this difference was already 15%) (21). This
may be inferred from the response of the muscle to the distrac-
tion procedure itself, in terms of higher stiffness, less imme-
diate displacement, and inconsistent force relaxation proper-
ties. It was therefore considered that physiotherapy after limb
lengthening should focus primarily on the extensor muscles to
compensate for strength losses (21). In both the present and the
above-mentioned study, the loss of strength was not evident in
the clinical parameters or in the gait pattern.

We consider a further study after another 10 years to be
useful, to further evaluate the potential predictive value
of the MRI findings. Tan et al. (22) reported knee stiffness
and patellar tendon ossification after the retrograde femoral
approach for fracture treatment with an intramedullary nail.
Court-Brown et al. (23) reported the same complications in
tibial fracture repair with an intramedullary nail. Our patients
showed neither ossification of the patellar tendon nor knee
stiffness. However, our patient population had a different elec-
tive indication and no previous knee trauma.

Overall, contrary to some previous authors (24), we believe
surgery with an intramedullary nail for leg lengthening using
a retrograde approach may be a good option. Lee et al. (24)
discourage surgery with the ISKD nail as patients experienced
many complications and severe pain. Our group of patients
received a motorized nail with specific instruments, and we
do not confirm that study’s concerns. Our patient cohort did
not show relevant clinical impairment in daily activities 10
years after surgery. However, radiologically visible defects
are still evident not only after 2 years (19) but also after 10
years. Hammouda et al. (25) found no major risks with the
antegrade femoral approach. This is also true for the retro-
grade approach (26).

Strengths and limitations

A unique feature of this study is the control group in the form
of the opposite side in the same individual. Also, the examina-
tions and clinical tests were performed by trained personnel,
who had no direct interests in the study outcome or involve-
ment in the treatment of the patients. However, this study has
limitation. First and foremost, a small number of patients was
reported. Due to this being a relatively new surgical technique
in Switzerland, there are not many patients yet in whom this
operation was performed more than 10 years ago. Second, we
did not include a control group that received leg lengthening
with a different surgical approach, thus not allowing for com-
parison between techniques. Third, 10 years is a long time
interval. Consequently, other patient lifestyle-related factors
can contribute to general and joint health. Finally, a diag-
nostic MRI protocol was used. Advanced, quantitative MRI
sequences may be able to provide further insight into cartilage
status and facilitate comparisons.

Conclusion

Our study showed cartilage defects at the entry point, Hoffa’s
arthrofibrosis, and mild atrophy of the quadriceps femoris
muscle. However, after 10 years’ follow-up these changes did
not cause any clinically relevant impairment.

AHK performed all surgeries and designed the work. DH and RD organized
all MRIs and analyzed them. CD and MPS collected the data, CD and BMS
performed data analysis. AHK and RD wrote the manuscript. BMS, DH,
and CD critically reviewed the manuscript. BMS, AHK, and RD finalized
the manuscript.
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