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Abstract
Purpose of review Tibial torsion is a recognized cause of patellofemoral pain and instability in the paediatric population;
however, it is commonly overlooked in the adult population. The aim of this review article is to summarize the current best
evidence on tibial torsion for the adult orthopaedic surgeon.
Recent Findings The true incidence of tibial torsion in the adult population is unknown, with significant geographical variations
making assessment very difficult. CT currently remains the gold standard for quantitatively assessing the level of tibial torsion and
allows assessment of any associated femoral and knee joint rotational anomalies. Surgical correction should only be considered after
completion of a course of physiotherapy aimed at addressing the associated proximal and gluteal weakness. Tibial torsion greater than
30° is used as the main indicator for tibial de-rotation osteotomy by the majority of authors. In patients with associated abnormal
femoral rotation, current evidence would suggest that a single-level correction of the tibia (if considered to be a dominant deformity) is
sufficient in the majority of cases. Proximal de-rotational osteotomy has been more commonly reported in the adult population and
confers the advantage of allowing simultaneous correction of patella alta or excessive tubercle lateralization. Previous surgery prior to
de-rotational osteotomy is common; however, in patients with persistent symptoms surgical correction still provides significant benefit.
Summary Tibial torsion persists into adulthood and can play a significant role in patellofemoral pathology. A high index of
suspicion is required in order to identify torsion clinically. Surgical correction is effective for both pain and instability, but results
are inferior in patients with very high pain levels pre-surgery and multiple previous surgeries.
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Introduction

Tibial torsion is defined as any twisting of the tibia on its
longitudinal axis which produces a change in the alignment
of the planes of motion of the proximal and distal articulations
(1). It undergoes structural remodelling, which begins in utero
and progresses throughout childhood and adolescence to skel-
etal maturity (2).

The prevalence of rotational pathology of the femur and
tibia has been reported to be as high as 50% within the paedi-
atric population (3) and are consequently routinely assessed as
part of lower limb examination. Most torsional problems re-
solve with age, leaving only a small percentage of older

children and adults with a cosmetic and functional problem.
It is estimated that tibial torsion affects 1% of the adult popu-
lation (1), although the true incidence is unclear. In adulthood,
tibial torsion is often overlooked as a cause of knee pathology;
it is poorly assessed and consequently largely undertreated.

Tibial torsion can have a significant effect on gait and mus-
cle function, which is proportionate to its direction and mag-
nitude (4). This can result in joint overload and disturbed
patellofemoral mechanics (5,6). The aim of this review article
is to summarize the current best evidence on tibial torsion for
the adult orthopaedic surgeon. This review will focus on the
identification of tibial torsion, its measurement and surgical
treatment in the adult populationwith patellofemoral pain and/
or instability.

Cause of Normal and Abnormal

Staheli (7) reported that most torsional abnormalities are a result
of intrauterine moulding and are extreme manifestations of
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normal development. Genetically predetermined differences
may make one individual appear initially, or persist with,
more rotation than others.

Mechanical loading is a known key determinant for bone
adaptions and remodelling. LeDamany (8) was one of the first
to document torsion in infants and hypothesized that muscle
tensions and local forces gave rotary stress to the distal tibial
epiphysis that resulted in the development of torsion.
Subsequently, Schneider undertook experimental rotational
osteotomies on young dogs and observed an average of 55%
de-rotation because of local muscle and mechanical forces that
untwisted the femur (9). Gait analysis would also suggest that
muscle forces could be a key driver of rotational remodelling
and mechano-adaption in man. Yang et al. (10) determined
that during walking, running and stair climbing, bending and
torsion are the predominant tibial loading regimes.

Thus, the origins of tibial torsion are multifactorial and
complex. It would appear that adult tibial torsion is not just a
hangover from developmental abnormality and is likely influ-
enced by local biomechanical factors, genetics and a range of
pathologies. Tibial torsion likely changes throughout life as

we age, responding to environmental stimulus and potentially
contributing/protecting against disease.

Normal Values of Tibial Torsion

LeDamany (8) in 1909 was the first to report on the normal
values of tibial torsion. Using anthropometry, he found the
mean value in 100 specimens to be 23.7°. Subsequently, nu-
merous authors have published values for the healthy adult
individual and these are summarized in Table 1.

The methods of measurements can be broken down into 3
broad categories. Clinical measurements are the easiest to ob-
tain of the 3 methods and the population can be chosen care-
fully, so as to ensure they are representative of the normal
population; i.e., there is no history of knee pain or
patellofemoral problems. However, as will be discussed, the
examination is the least accurate method of quantifying tor-
sion. Cadaver measurements are the gold standard in terms of
measurement accuracy; however, their weakness is that com-
monly no history is known or reported about the individual
and whether they are representative of a normal sample

Table 1 A summary of reported values for tibial torsion in healthy adults

Paper Measure Total no.
of measurements

Age M:F Mean torsion° right:left Standard deviation R:L

Elftman [61] Cadaver 35 All male 27.4 1.25

Gandhi [62] Cadaver 100 50:50 29.38:28.06 4.95:4.58

Hutter [1] Cadaver 40 22.1:19.8

Yoshioka [15] Cadaver 31 61–89 14:1 24 9.3

Butler-Manuel[63] Cadaver 21 36.3 6.3

LeDamany [8] Cadaver 100 50:50 23.7

Turner [5] Tropometre 19 4.8

Malekafzali [64] Physical exam 100 14.5:14

Tamari [17] Clinical 404 1:1.5 43.1 9.7

Hutchins [16] Torsiometre 112 17–25 1:1 17.4 2.5

Clementz [65] Fluoroscopy 100 30.77:28.6 7.8:7.6

Hudson [24] Ultrasound 102 29.1 43:59 21.6 8

Schneider [9] MRI 98 41. 8.8

Larson [66] CT 100 23.5:23.1

Eckhoff [11] CT 448 38:33 11:9

Strecker [12] CT 504 36.4:33.0 15.9

Jakob [67] CT 45 30

Waidelich [68] CT 19 33.1 8

Liodakis [41] CT 8 28.5 7.6

Vanhove [14] CT 98 64 2:1 25.5:27.8 7.7:7.6

Mullaji [13] CT 50 31.3 42:8 21.6 7.6

Yagi [6] CT 24 59.9 1:2 23.5 5.1

Jend [69] CT 70 40 9

Reikeras [70] CT 100 37 48:52 33

Erkocak [71] CT 40 26 4.2
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population. Furthermore, the age of the individual is also
much higher in cadaver specimens than those measured by
examination or imaging. Imaging studies probably provide
the best compromise, in that they have acceptable accuracy,
are readily available and the population can be selected.

Higher levels of tibial torsion in the right leg compared to
the left (1,8), (11), (12–14) have been reported but there ap-
pear to be no gender differences (15) (16). Authors have sug-
gested that torsion does change with age (13). With mechano-
adaption, rotational remodelling may continue throughout life
and potentially adapt to localized pathologies, e.g. osteoarthri-
tis. Tamari et al. (17) demonstrated tibiofibular torsion was
significantly larger in a younger and middle age group com-
pared to an older age group of females, whereas there were no
significant age-related differences in the male subjects. It was
proposed that postmenopausal osteoporosis may cause a de-
formity in the proximal part of the tibia contributing to the
age-related difference.

Based on the anthropometric and cadaver data, clinical and
imaging studies, a range of 24° to 30° seems to correspond to
normal values for external tibial torsion for patients of
European origin.

Cultural Differences

Geographical and cultural variations appear to exist in the
normal levels of tibial torsion; therefore, European values
cannot be applied universally. Weinberg et al. (18) studied
577 cadavers (1158 tibia), with a mean age of 56; there were
398 Whites and 179 African Americans. African Americans
were found to have significantly increased tibial torsion
compared with Whites.

Kristen et al. (19) found a significant difference between 22
Japanese and 41 Caucasian subjects using axial MRI. Tibial
torsion was 39.88° (SD ± 8.88) for the Caucasian population
and 33.48° (SD ± 10.08) for the Japanese subjects. Tibial tor-
sion has also been found to be significantly lower in a
Japanese population with knee OA compared with their coun-
terparts in Australia (20) and Saudi Arabia respectively
(21),(22). It has been proposed that this consistently lower
torsion is potentially linked to the Japanese culture of Seiza
sitting. Similar and as yet unknown variations may exist
among many other cultures throughout the world, as a conse-
quence of environmental factors.

Biomechanical Effects of Torsion

Isolated tibial torsion can lead to a variety of secondary com-
pensatory or induced kinematic abnormalities during gait
(23),(24). These may be subtle and multilevel in nature may
be variable across subjects and may include coupled pelvic
rotation and hip abduction/adduction; hip, knee and ankle
transverse rotations and contralateral limb compensation.

Maximum compensation occurs at the hip and then becomes
less effective, proceeding distal to the foot, wherein the foot
minimally compensates through midfoot pronation (25•).

The foot progression angle (FPA) represents the angular
difference between the axis of the foot with the direction in
which an individual is walking and in healthy adults, it has
been shown to be 4.5 (± 5.8) degrees (24). Isolated tibial tor-
sion leads to an increased FPA; however, this is reduced with
compensatory internal rotation of the hip (26••). The result is
the inward-pointing knee and the typical “knee in” gait
(Fig. 1). This compensatory mechanism creates a dynamic
valgus and a resultant valgus vector on the patella (25•). As
long as there is adequate internal and external hip rotation
(normally equal), minor tomoderate degrees of abnormal low-
er limb alignment can be tolerated. Gait analysis has shown
that walking in a toe-out manner leads to reduced ankle power
(27), lower ankle inversion and a lower knee adduction mo-
ment than when walking with feet pointed forward,
supporting the presence of dynamic valgus. An external rota-
tion deformity of 10° and 25° is needed to increase the abduc-
tion moments by 1 and 2 SD relative to the norm (27).

On axial loading in a cadaver model, medial compartment
contact pressure increased by 17.7% and 4.9% at 15° and 30°
tibial internal rotation, respectively. Conversely, medial com-
partment contact pressure at 15° external rotation decreased
by 10.8% and increased in the lateral compartment by 22.8%
(29). This is consistent with the work of Hudson (30), who
found a higher medial bone mineral density of the proximal
tibia, and was related to internal tibial torsion, limited hip
rotation and high medial knee joint loads of healthy knees.
These increased forces in the medial compartment with in-
creasing internal tibial torsion likely explain the numerous
observational studies that have shown a consistent increased
incidence ofmedial OA in patients with reduced external tibial
rotation (5),(21),(31),(20). Yagi et al. (21) actually found a
correlation between tibial torsion and the severity of OA; ex-
ternal torsion was 14.1° for mild, 11.9° for moderate and 7.5°
for severe stages of osteoarthritis. These torsional changes are
thought to occur as a consequence of gait mechanics, rather
than as a consequence of developmental predisposition. The
location of the compensatory reduced external rotation has
been reported in the proximal (6) and distal tibia (32). These
findings have potential implications for patients who are
overcorrected following surgery.

Excess tibial torsion can alter the capacity of muscles to
accelerate joints in the sagittal plane at the knee and hip. Hicks
(4) demonstrated using computer modelling that excessive
tibial torsion diminished the capacity of the gluteals and soleus
to extend the hip and knee by altering the skeletal platform on
which the muscles act, thus reducing their capacity to support
an upright posture during gait. De-rotational osteotomy has
been shown to normalize the FPA and knee adduction mo-
ment (26••),(27) resulting in a more “symmetrical,” gait with
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less variation. This requires less joint compensation to keep
the foot pointed straight ahead and the patella tracking central.
The valgus vector on the patella is significantly reduced and
patellar instability is minimized. Alexander (26••) noted that
in patients who demonstrated significant compensatory hip
internal rotation pre-operatively, this continued at a mean of
15 months post-correction. The combination of hip internal
rotation and resultant slight knee varus increased hip and knee
adduction moments. It is unclear when or if the compensatory
hip rotation improves post-surgery and this needs to be
targeted with rehabilitation. If only the tubercle is moved
and the tibia is not de-rotated, then the potential for more joint
incongruity and increased joint reaction force is created (25•).

Clinical Examination

A history of patellofemoral instability, pain and activity-
related symptoms should be documented. External tibial tor-
sion can be screened firstly by noting the appearance of
squinting patella or an inwardly pointing knee while the pa-
tient is standing. This condition has been ascribed mainly to
femoral anteversion, but it can also be caused by primary
external tibial torsion (33),(21). The foot position and coronal
alignment of the knee should be noted. Gait should be ob-
served to determine foot and knee position during the stance
phase, in order to assess the dynamic component of a mal-
rotated foot. With compensatory internal rotation at the
hip, the knee will move inwards during stance; con-
versely, with little compensation or in severe cases,
there will be an increased FPA. Using CT, FPA showed
a strong correlation with tibial torsion but very weak
correlation with femoral torsion (23).

An initial screening test for tibial torsion can be performed
with the patient supine. Hip internal and external rotation is
first examined in 90° of hip flexion and then in neutral flexion
(0 degrees) with the foot perpendicular to the ground. In 90° of
flexion, the internal and external rotations should be symmet-
rical, while in neutral, the internal rotation will be grossly
restricted, while the external rotation will be excessive. The
mismatch in internal and external rotation between hip flexion
and neutral should alert the clinician to the likelihood of
external tibial torsion. This test distinguishes tibial tor-
sion from femoral anteversion, where the mismatch be-
tween internal and external rotation persists both in hip
flexion and extension (34).

The 3 most commonly described techniques to specifically
measure tibial torsion are the thigh-foot angle (TFA), the
transmalleolar axis (TMA) (35) and the second toe test (36)
(Figs. 2 and 3). Because of anatomic variations, surface land-
marks may not consistently represent the tibial rotational
alignment. Milner and Soames (37) showed poor repeatability
of the TFA and 3 variations of the TMA in 10 cadaveric tibiae
and 3 living subjects. Lee (38) determined that the interob-
server reliability and concurrent validity with CTwere highest
for TMA, followed by TFA, and then the second toe test.

Imaging Assessment of Tibial Torsion

Specific imaging studies are required to quantify a rotational
deformity. Plain X-rays cannot quantify torsion, but when
tibial torsion is marked, radiographs may show the femur in
the antero-posterior projection and the tibia in the oblique
projection or vice versa.

A CT rotational profile involving slices through the hip,
knee and ankle enables quantification of both femoral and
tibial rotational deformities. Proximally, the tibia can either
be measured using the posterior axis or the transcondylar axis

Fig. 1 Clinical picture demonstrating the inward-pointing knee and the
typical “knee in” gait of a patient with tibial torsion. Compensatory
internal rotation of the hip results in a dynamic valgus and a resulting
lateral vector on the patella. Typical gait pattern of increased FPA and the
knee pointing inwards (as a result of compensatory hip internal rotation)
during stance phase resulting in a dynamic valgus
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(11). The posterior axis is defined as the line joining the two
most posterior points of the plateau and the transcondylar axis
is the line between the widest points of the tibial condyles.
Distally either a trans-tibial (11) or bimalleolar axis (39) is
used. The trans-tibial axis is defined by drawing a line on
the distal articular surface of the tibia connecting the tip of
the medial malleolus to the mid-point of the lateral border
(fibular sulcus) (Fig. 3).

Reader error is the main source of error; Panou (40)
demonstrated that CT measurements were dependent on
reader experience. Proximally, there is no significant dif-
ference in torsion measured by the posterior condylar axis
versus the trans-tibial axis (11). In the distal end of the
tibia, the bimalleolar axis provides higher interobserver
and intraobserver reliability than the trans-tibial (41)
methods.

EOS is a low-dose biplanar radiographic imaging system
manufactured by EOS imaging (formerly Biospace Med,
Paris, France) and was first clinically applied in 1998 for pae-
diatric hip and spine diseases. Yan (42) showed no statistical
differences between tibial torsion measured using the EOS
system and 3D CT in 18 healthy individuals. These findings
have also been confirmed with 2D CT (43),(44). The potential
advantages of EOS are its ability to also measure the mechan-
ical axis weight-bearing and its low radiation doses (3 to 43
times less than a X-ray and 4 to 87 less than CT) (45•).
Limitations include post-processing user errors, high capital
costs and difficulty modelling patients who have severe
deformities.

MRI has been used to measure rotational profiles in chil-
dren with good reproducibility (46,47); however, little work
has been done comparing tibial torsion to other modalities in
adults. MRI has been compared to EOS for tibial torsion as-
sessment in 2 studies, with MRI measuring on average 5°
lower in one (48) and 3° in another (43). More work is needed
to determine if measurements of tibial torsion on MRI are
comparative to CT and if the same levels of torsion can be
used as indicators of correction. CT for now should be con-
sidered to be the gold standard; however, EOS offers signifi-
cant promise for the future.

Indications for Surgical Correction

The detection of a torsional deformity is not an indication
for a rotational osteotomy. Primarily, patients must have
significant physical symptoms despite targeted physical
therapy and non-surgical strategies. Commonly, patients
have a number of anatomical predisposing factors and it
needs to be determined if the tibial torsion is the dominant
cause of symptoms.

As previously discussed, the normal values for tibial
torsion are variable among the population and therefore,
it is difficult to set an absolute value at which tibial tor-
sion should be corrected. Not all studies define their indi-
cation for surgery or quantify the level of torsion with
pre-operative CT. The majority of studies reporting post-
osteotomy outcomes state that osteotomy was indicated
with a foot thigh angle of greater than 30° on examination

2a 2b 2b

Fig. 2 Measurement of the a TFA; the angle between the longitudinal
axis of the thigh and the longitudinal axis through the 2nd metatarsal with
the foot held in subtalar neutral b TMA; the angle between the
longitudinal axis of the thigh and a line perpendicular to the axis
connecting the most prominent portions of the medial and lateral

malleolus. c Second toe test: the patient is prone with the knee
extended; the hip is rotated until the 2nd toe points directly towards the
floor; the knee is then flexed to 90° while preventing a change in thigh
rotation; the angle between the vertical and the tibial longitudinal axes is
the degree of tibial torsion
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(25•,26–49,50),29]. From the studies that have quantified
the deformity on CT, the level at which correction was
carried out was variable and is difficult to interpret, as
authors commonly fail to state what they consider to be
normal values for torsion. Thresholds as low as 5° more
than normal (52) have been used, with other studies
recommending correction when torsion is 20° more than
normal (53),(27). Fouilleron et al. (54) and Server (55)
placed an absolute value of 30° torsion as an indication
for corrective osteotomy. The authors’ indication is if
the bimalleolar axis of the distal tibia is greater than
50° relative to the distal femoral angle.

Surgical Technique: Proximal or Distal

The Tibia can be divided into two segments based on the two
different sites for rotational osteotomy proposed: proximal
metaphysis and distal metaphysis.

Proximal supra-tubercle osteotomy principally has the ad-
vantage of being able to simultaneously correct the tibial tu-
bercle to trochlea groove (TTTG) distance and or patella
height in patients with an associated abnormality. The TTTG
distance can be corrected with or without removing the tibial
tubercle. Computer modelling has shown that the TTTG dis-
tance reduces by 0.68 mm per degree of tibial correction (56).

3a 3b

3c 3d

Fig. 3 a Proximal posterior axis—line the contour of the posterior
condyles. b Transcondylar axis across the widest diameter of the tibial
condyles. c Distal bimalleolar axis—drawn in a cut just below the tibial
pilon’s articular surface, with the medial and lateral malleoli and talar

dome evident between the centres of the dense surfaces of the malleoli.
d Distal trans-tibial axis, a line on the distal articular surface of tibia
connecting the tip of the medial malleolus to the mid-point of the lateral
border (fibular sulcus)
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This formula can help predict if the tibial correction alone is
sufficient to correct the TTTG distance or conversely if it will
overcorrect in patients with a normal TTTG pre-operatively.

Supra-tubercle osteotomy reduces the valgus forces on the
patella even during non-weight-bearing activities, such as
jumping and the swing-through phases of walking and run-
ning. Conversely, infra-tubercle osteotomy functions only
during weight-bearing activities. By correcting the TTTG an-
gle simultaneously with tibial torsion, the surgeon partially
corrects femoral torsion as the need for functional hip com-
pensation is diminished. Supra-tubercle osteotomy has the
added advantage of compression from the extensor mecha-
nism, through the large surface area of the proximal tibia,
increasing stability and facilitating healing. Finally, there is
the opportunity to simultaneously correct coronal mal-
alignment of the knee if required (51).

The need for fibula osteotomy has been questioned by au-
thors for both proximal and distal osteotomy (53,57,58).
Undertaking a fibula osteotomy or a disruption of the proxi-
mal tibia-fibula joint appears to reduce the tension at the
osteotomy site enabling easier correction. Paulos reported in
a cadaver model that partial fibula head excision and posterior
capsular release increased internal tibial rotation by 15°, while
the torque to hold correction was reduced by approximately
50% (25•). Jud et al. used patient-specific instrumentation
(PSI) to assist with rotational correction in 12 distal femur
and seven tibia (59). In all tibial rotational osteotomies, an
undercorrection was noted of 10.3 ± 4.4° compared to a dif-
ference of planned correction in the femur of 5.4 ± 2.7°. This
consistent undercorrection was thought to be a consequence of
not undertaking a fibula osteotomy.

Distal osteotomy is perceived to be technically easier
and safer with regard to neurovascular injury. It is com-
monly performed in the skeletally immature and in post-
traumatic cases of mal-rotation. The osteotomy is then
stabilized with a variety of methods including plate fix-
ation, external fixation and IM nail.

Results of Correction

Proximal Osteotomy

There are a number of studies that have reported good results with
a proximal supra-tubercle osteotomy (25•,26–49,50,54,55,60),
which is the most common osteotomy reported in adults.
Fouilleron reported a retrospective series of 36 supra-tubercle
osteotomies, performed in association with a fibular neck
osteotomy (54). Seven patients (24.1%) had a history of previous
surgery on the extensor apparatus, and the mean de-rotation was
25°. There were 3 complications: 1 deep vein thrombosis, 1 pero-
neal nerve palsy that resolved and 1 stiff knee that required ma-
nipulation. The Lille and IKS score significantly improved and no

significant differences were found in cases with femoral
anteversion of > 20°, suggesting that the need for simultaneous
correction of any associated femoral anteversion is not required in
the majority of patients. Of note is that only 58% of patients
returned to sport at the same level post-surgery.

Paulos et al. (25•) compared 12 patients who underwent a
supra-tubercle and de-rotational high tibial osteotomy (D-
HTO) with a historical group of 13 patients who underwent
an Elmslie-Trillat-Fulkerson realignment procedure.
Rotational osteotomy resulted in significantly greater im-
provement in KOOS and Kajula score compared to isolated
tubercle osteotomy. Gait analysis also revealed rotational
osteotomy patients had more symmetrical gait patterns, with
less variability and less compensatory gait changes.

Drexler and Cameron (49) reported the results of a com-
bined supra-tubercle osteotomy and tibial tuberosity transfer
in 15 knees presenting with patella subluxation, secondary to
excessive external tibial torsion. The median follow-up period
was 84 months and a median rotational correction of 36° was
performed. Significant improvement was found in the knee
severity score, Kujala score, the SF-12 outcome, WOMAC
score and VAS score. Two patients had a non-union of the
tibial osteotomy site with varus collapse; one patient required
bone grafting, while another patient required revision to total
knee arthroplasty. Overall, 91% were rated as good or excel-
lent overall. Cameron et al. (50) have also reported similar
results in a group of 17 patients with previous failed tibial
tubercle osteotomy. However, knees that had undergone mul-
tiple unsuccessful surgical procedures had significantly poorer
outcomes (p < 0.01), stressing the importance of making the
diagnosis of tibial torsion early in the treatment pathway.
Patients with less painful symptoms pre-operatively had sig-
nificantly better outcomes (p < 0.01). Age, sex, degree of tib-
ial torsion, presence of femoral trochlear dysplasia and
patellar height did not affect results. It is the author’s
preferred technique to undertake a proximal osteotomy with
a tibial tubercle osteotomy. The proximal tibia-fibula joint is
dislocated and the osteotomy is stabilised with a low profile
locking plate.

Distal Osteotomy

Stotts and stevens (58) reported the results of mid-diaphyseal
osteotomy, using an intra-medullary nail in 59 patients at
22.6-month follow-up. The mean torsion was 40.2° and no
fibula osteotomy was performed. The rotational correction
averaged 28.8°, with 83.1% of patients having a contempora-
neous lateral patellar release. Major complications were pres-
ent in 5 patients (8.5%). They included peroneal nerve palsy,
infection, non-union and refracture of the osteotomy. At the
final follow-up, 76.3% of patients had no pain in the extrem-
ity, and 2 out of 8 patients had residual patellar instability; no
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outcome scores were performed. In total, 85.2% of patients
required nail removal.

Stevens et al. (53) retrospectively reported 16 consecutive
patients (22 knees), with a mean age of 17, who had all un-
dergone knee surgery prior to distal osteotomy (and femur in
36%) using a IM nail. Knee pain was significantly improved
after torsional treatment (8.6 pre-op vs. 3.3 post-op), 70% of
patients had some continued knee pain and 43% had contin-
ued patellar instability after torsional treatment. Activity level
was improved in 65% of cases, remained the same n 13% and
was decreased after 20%. No validated outcome scores were
reported but the authors concluded that compared to their
previously reported outcomes, (10 years prior) where rotation-
al correction was the primary surgery, inferior outcomes occur
when performed for revision surgery.

Few studies report performing associated procedures with ro-
tational osteotomy, even when treating instability. Paulos (25•)
et al. routinely performed a medial retinacula reinforcement with
suture but no study undertook a formal MPFL reconstruction or
trochleoplasty. The lateral release was performed in select cases
(58) (53) or routinely (55)(50) by a number of authors, with uni-
versally good results. No study reported a correlation between
associated procedures and outcomes.

Conclusions

Tibial torsion should be considered as a potential cause of
patellofemoral dysfunction in the adult population. Surgical
correction in patients in whom torsion is diagnosed as the
dominant cause of patella pain and instability produces good
results. However, results deteriorate in patients who have un-
dergone multiple prior surgeries, highlighting the importance
of early recognition.
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