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Abstract

Background. Patients with limb-length discrepancies often present with concomitant distal femoral varus or valgus
deformities. With the development of distraction osteogenesis, both deformity correction and limb-lengthening can be
performed simultaneously. This novel procedure is being increasingly preferred not only by experts due to the technical
advance it implies, but also by patients.

The aim of this study was to identify the clinical efficacy of distal femoral malalignment deformity correction and gradual
limb-lengthening by bifocal osteotomies.

Methods. We analyzed 32 femurs from 30 patients (mean age — 23.8 years) who had undergone bifocal osteotomies followed
by the use of the monorail external fixator to correct the distal femoral malalignment deformity acutely and limb-length
discrepancy gradually from June 2012 to May 2020. Pre-operative clinical and radiographic data were also obtained. During
the follow-up period, deformity correction and bone healing were assessed, complications were identified, and functional
outcomes were evaluated.

Results. The mean follow-up period was 57.2 months for all the patients. The mean mechanical axis deviation improved
from 66.4 mm pre-operatively to 7.5 mm. In patients with varus deformity, the mean mechanical lateral distal femoral
angle (mLDFA) decreased from 121.2° pre-operatively to 90.2° after surgery; whereas in patients with valgus deformity,
the mean mLDFA improved from 59.2 to 87.1°. The magnitude of lengthening achieved averaged 6.3 cm, and the mean
bone healing index was 34.8 days/cm. The final scores defined by the Association for the Study and Application of the
Methods of Ilizarov (ASAMI)-Paley were excellent in 93.3% of patients.

Conclusions. Acute correction of femoral deformities and gradual lengthening with a monorail external fixator following
bifocal osteotomies can be used to treat femoral shortening and distal malalignment deformity. Functional and cosmetic
improvements are expected after surgery and post-operative rehabilitation.
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OcTtpasg Koppekuus oceBoi aedpopmaumnm 6eapeHHON KOCTU

U NOCTENEHHOE YAJIMHEHUE HUXKHEN KOHEYHOCTU METOAOM

61} OKaNbHOro 0CTEOCMHTE3A C UCMOJIb30BAHMEM MOHONATEPaIbHOrO
BHellHero ¢pukcaTtopa
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Pedepar

Beedenue. TIaniyieHThI C HEPABHO AJIMHOM HMKHMUX KOHEYHOCTE YacTO MMEIOT COMYTCTBYIOIIYIO BAPYCHYIO MIJIM BaJIbIyC-
HY10 gedopManyio IMCTaaIbHOrO OTAeNa 6eAPeHHO KOCTHU. Pa3BUTHE IUCTPAKIMOHHOTO OCTEOTeHe3a TI03BOIMIIO OJHO-
BPEMEHHO BBITTOIHATh KOPPEKINIO AedhopManyy 1 yIJIMHeHMe KOHEUHOCTH. DTOT IePeOBOIi METO/, BCe Yallle BhIOVPAIOT
He TOJIbKO CIIeLMaINCThI, HO ¥ CAaMM MalMeHThI.

Llensto uccnedosanus 6bUI0 ONIPENENNTh KIMHUYECKYIO 3(DHEKTUBHOCTh 6M(POKATBHBIX OCTEOTOMMUI ISl KOPPEKIUY [e-
dbopmanuu nucranbHOTO OTAENa 6EIPEHHOI KOCTM Y OCTEIMIEHHOTO YIIMHEHMS KOHEUHOCTM.

Mamepuan u memo0dst. Mbl IPOAHATU3UPOBAIN Pe3yIbTAThI JiedeHusT 30 manyeHToB (32 6epeHHbIe KOCTM) CO CPeTHUM
Bo3pacTom 23,8 sieT, KoTopbiM ¢ MioHS 2012 r. mo mait 2020 . 6bu1a TpoBefeHa 6MdOKATbHAS OCTEOTOMMS C MTOCTETYIONIVIM
HaJI0KeHVEeM MOHOJIATEPAIbHOTO BHENTHETO (DhMKCATOPA /1T OCTPOiT KOPPEKIMY 0CeBOIi JedopMaIluu JUCTATLHOTO OTAeNa
6eIpeHHO KOCTY U MOCTETIEHHOTO YCTPAHEeHNST PAa3HUIIbI B IJIMHE KOHEUHOCTe. o omepaiuu 6bUI1M M3ydeHbl KIMHuYe-
CKM€ U PEHTTeHONIOTMYeCKMe NTaHHbIe. B Toc/IeonepanyioHHOM Mepuoe Mpou3BOAMIACk OleHKA KOppeKImu nedopmannm,
KOCTHOTO cpaleHust ¥ GyHKIVOHAIbHBIX ITOKA3aTeIeld, a TAKKe aHATM3UPOBAIUCH OCTIOKHEHMS.

Pesynomamet. CpenHuii mepuop, HaOMIOOeHNUs] COCTaBWI 57,2 Mec. AJiA BceX MalMeHTOB. OTKIOHEHMEe MeXaHUUYeCKOit
OCM B CpelHEM YMEHBIIWIOCh ¢ 66,4 MM 10 7,5 MM. YV Tal[MeHTOB C BapycHOIi Aedopmariyeil cpeqHee 3HaUEHME Mexa-
HUYECKOTO JIaTePaJbHOTO OUCTAILHOTO GeapeHHoro ymia (MJIIBY) ymenbmmioch ¢ 121,2° mo omepauyu mo 90,2°
rocie onepauyu. Y MalyeHTOB ¢ BaJbTycHOI medopmaimeii cpenHee 3HaueHue MJIZIBY yBemmumioch ¢ 59,2 mo 87,1°.
VinuHeHue COCTaBMIIO B CpefHeM 6,3 ¢M, a CpegHMI MHIOEKC usnedyeHus: — 34,8 gHs/cM. OyHKIMOHAIbHbBIE Pe3y/IbTaThbl
JledeHus], orpejessieMble B COOTBETCTBUM CO LIKaa0i Accoluauyuy 1Mo M3yyeHMIO M MPUMMEHEHMIO arrapara M MeTona
Wnusaposa (Paley/ASAMI), 66U1M IPU3HAHBI OTVIMYHBIMU Y 93,3% MalyeHTOB.

3axntouerue. Octpast Koppekuus nedopmarnyu 6eJpeHHO KOCTY U ee MTOCTEIeHHOe YAIMHEHME TTPY TIOMOIIY MOHOJIATe-
paJIbHOTO BHelTHero ¢hurcaTtopa mocie 61boKaIbHON OCTEOTOMUY MOTYT IMIPUMEHSITHCS /IS JIEYEHUST YKOPOUEHUS U IAC-
TaJIbHOI OCeBOJi AedopManyeit 6eAPeHHOI KOCTU. XUPYPTrUUYecKoe JiedeHre TaHHOI MaToMoTUY U ToC/IeonepayioHHas
peabuInTaIs MO3BOMISIIOT JOGUTHCS XOPOIINX KOCMEeTHYeCKoro 3¢ derTa M QyHKIMOHATbHBIX PE3Y/IbTATOB.

KrroueBbie c1oBa: 61(pOKaIbHbIN OCTEOCUHTES, KOPPEKLMS HedopMaluy, yIjiuHeHe 6epeHHOol KOCTY, MOHO/IaTepallb-
HBIIi BHEIIHU GuKcaTop.
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INTRODUCTION

The combined occurrence of distal femoral
malalignment deformities (varus and valgus) with
limb-length discrepancy can be caused by congenital
anomalies, metabolic disorders, post-traumatic
sequelae, and adolescent Blount’s disease [1]. With
the development of distraction osteogenesis, both
deformity correction and limb-lengthening can be
performed simultaneously. This novel procedure
is being increasingly preferred not only by experts
due to the technical advance it implies, but also by
patients. In recent publications, circular external
fixation, motorized intramedullary nailing followed
by distal femoral locking plate, and fixator-assisted
intramedullary nailing have been introduced as
alternative methods to this procedure [2, 3, 4].
However, they present disadvantages. Circular
apparatus is technically demanding, bulky, and
uncomfortable owing to its size. A motorized
intramedullary nail is appropriate for femoral
lengthening[5],butits useislimited for the correction
of concomitant malalignment deformities, which
has to be performed with the assistance of other
fixation methods. Moreover, motorized nailing is not
currently available in the mainland of China.

We have found few reports describing the use
of bifocal osteosynthesis to correct compound
deformities using a monorail external fixator.

The aim of this study was to identify the clinical
efficacy of distal femoral malalignment deformity
correction and gradual limb-lengthening by bifocal
osteotomies.

METHODS
Patients

The data of 30 patients (32 femurs), who presented
distal femoral varus or valgus deformities and femoral
shortening with an abnormal gait between June 2012
and May 2020, were retrospectively investigated.
Symptoms and radiographs were reviewed to confirm
whether patients complied with the indications for the
procedure, which were a distal femoral varus or valgus
deformity (quantified by a mechanical axis deviation
(MAD) >15 mm) and ipsilateral femur shortening.
The patients experienced impairment of functional
activities and unsatisfactory cosmetic appearance.

Pre-operatively, all patients were evaluated
for malalignment deformities and limb-length
discrepancy using standing radiographs of the lower
extremities.

Surgical technique

An appropriate length of the monorail external fixator
equipped with one micrometric swiveling clamp
(MSC) and two common clamps (Orthofix Srl, Italy),
depending on the amount of femur shortening, was

prepared before the operation. The MSC addresses the
angular deformity of the distal femur by aligning the
half-pins in the plane of the desired correction. The
surgery was performed under general anesthesia with
the patient in a supine position on a radiolucent table.
A tourniquet was not used in this study.

The true plane of the distal femoral deformity was
identified using an image intensifier. The center of
the metaphyseal osteotomy was planned at the level
of the juxta-articular center of rotation of angulation

(Figure 1).

Figure 1. Schematic diagrams of the surgical technique:
a, ¢ — the Micrometric Swiveling Clamp (MSC) was set
to a desired angle from the axis of the rail, and the distal
half-pins were inserted in the plane of varus or valgus
deformity;

b, d — distal deformity was corrected through the MSC,
and lengthening was performed gradually through two
proximal clamps

As the distal half-pins (diameter — 6.0 mm) had to
be aligned with the plane of the deformity to enable
correct functioning of the clamp, the fixator rail
was applied in the same plane. The first distal half-
pin was inserted through a screw guide mounted in
the MSC, which was set to the desired angle based
on the required correction. The second half-pin was
implanted proximal to the lesser trochanter and
perpendicular to the anatomical axis of the femur
using the proximal clamp as reference. A distance of
approximately 1.5-2.0 cm was maintained between the
inner edge of the rail and the skin, while the adjacent
clamps were separated from the proximal osteotomy
level by approximately 5 cm. During insertion of the
adjacent half-pins, proximal and distal skin retraction
around the proximal osteotomy level was achieved.
When the remaining half-pins were inserted, multiple
transverse drill holes were made in the core of the
distal deformity and in the femoral subtrochanteric
region with a drill bit in a sleeve. Through these holes,
two transverse osteotomies were performed with an
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osteotome. The amount of angular correction and
proper translation at the distal osteotomy site were
determined pre-operatively and attained reliably
with the MSC during the procedure. An image
intensifier was used to confirm satisfactory angular
correction and half-pins placement. Finally, the
subtrochanteric osteotomy was left undisplaced, and
the wounds were closed. The range of motion (ROM)
was checked after the procedure, and an assessment
of stability including varus and valgus stresses was
performed.

Post-operative care

Gauze dressings were used to compress the pin sites
and were changed every 5-7 days. Mobilization,
including physiotherapy with active and passive ROM
exercises for the hip and knee, was started on the first
post-operative day. The patients were encouraged to
start standing and walking for at least 1 hour daily,
with a shift from partial weight — bearing to full
weight — bearing as soon as possible. Post-operative
lengthening was started after seven days at a rate of
0.75 mm per day and continued with three increments
(0.25 mm each time) until the desired amount of
lengthening was achieved. All patients were reviewed
every four weeks until the fixator was removed.
Radiographs of the local bone and the entire limb
length were periodically obtained to monitor the
extent of distraction and consolidation. The half-
pins could be removed by steps to promote callus
formation during weight-bearing rehabilitation.
Consolidation of the distraction area was considered
sufficient when the formation of a bridging callus
was obvious on three of the four visible cortices
in the anteroposterior and lateral radiographs in
patients who had no tenderness at the site of the
osteotomy and no pain during full weight bearing
without the connecting rail. After consolidation was
confirmed, the fixator was removed in the outpatient
clinic. Radiological parameters were recorded at the
last follow-up visit.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics v. 22.0 (SPSS Inc., Chicago, IL, USA).
Descriptive statistics were expressed as mean and
range for continuous numerical variables, and as
number for categorical variables.

RESULTS

Out of the total of 30 patients, 17 were women
and 13 were men. Their mean age was 23.8 years
(16-42 years) at the time of surgery, which was
performed after they had reached skeletal maturity
(defined as the moment when the distal femoral
growth plate is closed). The etiologies identified
included congenital anomalies (11 cases), post-
traumatic deformity and shortening (13 cases),
hypophosphatemic rickets (2 cases), and poliomyelitic
sequelae (4 cases).

The mean pre-operative MAD was 66.4 mm (28-
122 mm). The mean mechanical lateral distal femoral
angle (mLDFA) was 121.2° (100-136°) in patients with
varus deformity (17 femurs in 16 patients), and 59.2°
(44-74°) in patients with valgus deformity (15 femurs
in 14 patients). The mean limb-length discrepancy
was 6.9 cm (3-13 cm).

Satisfactory follow-up was provided to all
patients, with a mean duration of 57.2 months
(24-112 months). The mean MAD of the lower
extremity improved from 66.4 mm (28-122 mm)
before treatment to 7.5 mm (0-25 mm) after treatment.
The mean post-operative mLDFA was 90.2° (85-100°)
in patients with varus deformity, and 87.1° (80-92°) in
patients with valgus. Healing of the distal osteotomy
site was completed within an average period of
13.7 weeks (10-18 weeks). The mean limb-length
discrepancy after treatment was 0.4 cm (0-3 cm).
The size of lengthening achieved averaged 6.3 cm
(range from 3 to 11 cm), and the mean bone
healing index was 34.8 days/cm (range from 25.0 to
50.7 days/cm).

At the last follow-up visit, all affected knees had
full extension, while the mean flexion was 126.9°
(105-140°) and 132.2° (110-140°) pre-operatively.
Owing to the intensive rehabilitation plan, there
was no evidence of knee flexion contractures in our
patients (Figure 2, 3). The functional score, as rated by
the Association for the Study and Application of the
Methods of Ilizarov (ASAMI)-Paley system [6], was
excellent in 28 patients and good in 2. Five patients
with a high body mass index had a superficial pin-track
infection that responded well to local wound care until
the pins were removed. No patients had fractures,
external fixator breakage, or insufficient regeneration
of bone. All patients reported that they could walk
satisfactorily without pain after the procedure and that
they were satisfied with their cosmetic and functional
outcomes.
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Figure 2. A 17-year-old boy with right
femoral shortening of 6 cm and distal
varus deformity:

a, b — before treatment;

¢, d — intra-operative fluoroscopic
images showed acute distal femoral
deformity correction and gradual
lengthening;

e, f — the consolidation phase after
femoral malalignment correction

and lengthening was confirmed by
photography and radiography;

g, h, i — photographs

and a radiograph evidenced that ideal
cosmetic appearance and functional
improvement were obtained

Figure 3 (a, b, ¢, d). A 40-year-old woman with right femoral shortening of 7 cm and distal valgus deformity:

a, b — before treatment;

¢, d — the consolidation phase after distal femoral malalignment correction and proximal lengthening was confirmed
by photography and radiography
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DISCUSSION

The aim of this reconstruction procedure was to
correct the malalignment of the lower extremity
and restore equal limb-length with a simplified
and economical fixation. In this study, we used the
Orthofix Limb Correction System equipped with MSC
in all cases. MSC enables the surgeon to deal with
angular deformity in planes that correspond to a safe
corridor for half-pin insertion, and monorail external
fixator permits gradual lengthening with one clamp
locked to the rail and another clamp free to move.
Our experience suggests that the application of a
monorail external fixator is relatively simple and
acceptable for correcting coronal plane deformities
and length discrepancy through bifocal osteotomies
in the femur.

The treatment of compound deformities is
complicated, particularly when they are associated
with limb-length discrepancies [2, 7]. Correction of
all the deformities in the femur during one operation
is possible with the Ilizarov circular external fixator,
which allows post-operative adjustments and
prevents inequality of limb lengths [8]. However, pin-
track infection, bulkiness, and delayed load bearing
are disadvantages that have limited the application of
this methodology due to the considerable discomfort
they can produce [9]. Fixator-assisted nailing and
lengthening over the nail have been combined to treat
femoral deformities and limb-length discrepancies [2].
Although this joint technique can decrease the
duration of external fixation and promote early
rehabilitation, it is technically demanding and
the available space for nail accommodation after
correction of severe angular deformity is limited.
Moreover, only the retrograde nail can be implanted,
and as it should be long enough for lengthening,
partial implantation occurs before lengthening,
resulting in irritation in the surrounding soft tissues.
Another therapeutic possibility for the management of

Figure 3 (e, f, g, h). A 40-year-old woman with
right femoral shortening of 7 cm and distal
valgus deformity:

e, f, g, h — photograph and radiographs showed
normal alignment of the lower limbs

distal femur deformities and concomitant shortening
is using a fully implantable lengthening nail [10, 11,
12, 13, 14]. This technique eliminates the need for
an external fixator to promote lengthening, which
provides patients more comfort. Nevertheless, using a
fullyimplantable lengthening nail also has limitations:
an assisted external fixator is necessary to correct the
distal femoral angular deformity during surgery, the
articular cartilage and surrounding vascularization are
damaged because of the retrograde process, and the
range of correction and lengthening is limited (leading
to an unavoidable secondary correction) [4]. Also,
femoral distraction osteogenesis with magnetically
driven antegrade intramedullary lengthening nails
shows a high risk of unplanned additional surgery,
and a high proportion of patients for temporary
joint stiffness [15]. In particular associated with
fully implantable lengthening nails, E.]. Geiger et al.
reported 41% (17/41), B. Vogt et al. — 29% (13/45) and
P.R. Calder et al. — 24% (8/34) of unplanned additional
surgery [12, 13, 14]. In addition, weight-bearing
rehabilitation is not possible during the early stage of
lengthening [11]. W. EI-Adly et al. reported significant
correlation between the gained length and complete
weight-bearing [16]. Alternatively, a monolateral
fixator was previously introduced by L.T. Donnan
et al. to accomplish simultaneous acute correction
of distal femoral deformities and lengthening with
monofocal osteotomy [17]. However, it was concluded
in that study that the maximum angular correction
should be less than 30°, considering that poor
bone healing after distraction is associated with a
decrease in lengthening [17]. Meanwhile, lengthening
of the distal femur can easily cause contracture
of the knee joint, thus limiting distraction length.
A.Jardaly et al. reported two-level osteotomy for distal
femoral deformities and lengthening of the proximal
femur provides less complications including need for
additional surgery [18]. However, a two-stage operation
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with distraction by an Illizarov fixator followed by an
intramedullary fixation allows earlier rehabilitation
exercise with not restricted mobilization [19], while
this use of a combined technique does not have a
significant effect on the average duration of the one-
healing index [20].

All the aforementioned treatments for distal
femoral malalignment deformity and limb-length
discrepancy have pearls and pitfalls. In the present
study, the maximum angular correction was 46°. The
distal femoral transverse osteotomy was located close
to the center of the rotation of angulation plane to
accomplish deformity correction and fixation with the
assistance of MSC. After angular rotation of the distal
femur, a triangular contact surface consisting of the
medial or lateral cortex and distal osteotomy end was
inserted into the proximal medullary space, allowing
full correction in the coronal plane and minimizing
the risk of unwanted displacement in the sagittal
plane. During lengthening, the secondary distal femur
valgus deformity should be considered. Appropriate
translation or overcorrection of distal femur should
be planned individually. The lengthening osteotomy
was located in the subtrochanteric area, which was
beneficial for promoting new callus formation after
lengthening and decreasing the impact on knee joint
contracture due to the compliant soft tissue envelope
of the proximal thigh. At the time of proximal half-pin
insertion, the required proximal and distal retraction
of the skin was achieved to avoid skin tension and
facilitate femur lengthening. Moreover, the monorail
external fixator used here allowed the affected
lower limb to rest in its normal position and allowed
checking of joint ROM and exercise weight-bearing
immediately after the surgery. Thus, knee ROM at

DISCLAIMERS

Acknowledgements

The authors would like to thank patients included in
this study and all other participants from Department of
Orthopedics of Shanghai Sixth People’s Hospital in this
work.

Author contribution

Kunqi Zhang — collection and analysis of materials, text
preparation and editing.

Yifan Yu — data statistical processing editing text.

Feng Wang — data statistical processing, editing text.
Hanzhe Zhang — collection and analysis of materials,
drafting the article.

Shanyu Li — collection and analysis of materials, drafting
the article.

Yuting Cao —collection and analysis of materials, editing
text.

Qinglin Kang — research concept and design.

Jia Xu — collection and analysis of materials, statistical
processing of data, text preparation and editing, concept
and design.

the last follow-up visit was nearly normal in all cases.
Although pin-track infection is the most frequent
problem when using external fixators, compression
of the adjacent tissue to each half-pin with gauze
dressings appeared to be an appropriate method
to keep the pin-track dry and to prevent infection.
By this method, the relative motion between the soft
tissue and the pin interface was reduced, especially
during rehabilitation and gradual lengthening, which
explains the low occurrence of pin-track infection
in this study (16.7 %, corresponding to 5 patients out
of 30).

The procedure studied here has some limitations.
MSC is usually indicated in cases with coronal
plane angular deformities, whereas multiaxial
deformities generally mandate the use of a circular
fixator. Furthermore, we realized that although the
external fixator was simplified, patient discomfort
was unavoidable. However, the method involved
limited soft tissue dissection, achieved complete
varus or valgus correction with MSC, and provided
stability and relative convenience for lengthening
with the monorail external fixator during one surgery.
In addition, it is a recommendable technique in
regions where motorized nailing is not available.

CONCLUSIONS

Our results indicate that acute deformity correction
and gradual lengthening using a monorail external
fixator assembled with MSC through bifocal
osteotomies are effective in cases of distal femoral
varus/valgus  deformities  with  concomitant
shortening. Functional and cosmetic improvements
are expected following the surgery and post-
operative rehabilitation.

JOITOJIHUTEJIbHASI UTHOOPMAILIUA

Baazodaprocmu

ABTODBI BBIPaKAIOT 6JIarOZAPHOCTD MALMEHTAM, BKITIO-
YeHHBIM B MCCIe0BaHMe, Y BCEM OCTaJIbHBIM y4aCTHMKaM
MCCIe0BaHMS U3 TPaBMAaTOJIOrO-OpPTONEeANIYECKOTO OTHe-
nenus Sixth People’s Hospital B [llanxae.

3asnenexHslii 6K1a0 asmMopos

Kynoyu Urnan — c60p v aHaIM3 MaTepuaa, MoAroToBKa
U pengakKTupoBaHMe TEKCTA PYKOIINUCH.

Hdpans FOii — craTucTuyeckass o6paboTKa JaHHbBIX, pe-
JAKTMPOBaHME TeKCTAa PYKOIIMUCH.

@31 BaxH — craTUCTMYecKasi 00paboTKa [TaHHbIX,
penakTupoBaHye TeKCTa PYKOIMUCH.

XaHvuxcs Ywan — c60p ¥ aHaIM3 MaTepuasa, HarjcaHue
TeKCTa PYKOIIUCH.

Ilanwiotli Jlu — c60p M aHAIM3 MaTepuasa, HalyucaHue
TeKCTa PYKOIIUCH.

IOtimun Llao — c6op ¥ aHaNMU3 MaTepuasa, pegakTUpPO-
BaHMe TeKCTa PYKOMMUCH.

Lunaune KaH — KOHLEIILIMS M OMU3aliH UCC/IeqOBaHMs.

134 Croli — cO60p ¥ aHaIM3 MaTepuasa, CTaTUCTUYeCKast
06paboTKa TaHHbBIX, IOATOTOBKA U PelaKTUPOBaHMEe TEKCTA
PYKONMCH, KOHLIETIIMS U OU3aiH UCCTIeSOBaHMS.
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