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Abstract

Objectives The primary objective of the current study is to assess which is better for obtaining the proper femoral
rotation during IMN of femoral fractures, the radiological or clinical method. The secondary objectives were to docu-
ment malrotation’s incidence and its effect on the hip and knee functional outcomes.

Methods Thirty-three patients with unilateral femoral shaft fractures were treated using intramedullary nails (IMN)
on a usual radiolucent operative table. Intraoperative rotation adjustment was performed using a radiological
method (relying on the contralateral lesser trochanter profile) in 16 patients (group A), while in 17 patients, a clinical
method was used (group B). Postoperative assessment of malrotation was performed using a CT scan, and 15 degrees
was the cutoff value where below is an acceptable rotation (group ) and above is true malrotation (group Il). Func-
tional assessment was performed using the Harris hip score (HHS), the Tegner Lysholm Knee Scoring Scale (TLKSS),
and the Neer score.

Results The patients'mean age was 30.7 £ 9.3 years; 81.8% were males, and the left side was injured in 63.6%

of patients. After a mean follow up of 18.2+6.9 months, all fractures were united, and the overall mean amount

of rotational difference between the fractured and the contralateral side was 14.7°+6.0 (3-29.4), 84.8% were

in external rotation. No difference in the mean rotational deformity in group A compared to group B. Measurements
were 13.9+6.7 and 15.7 +5.5, respectively (p=0.47). Seventeen (51.5%) patients in group | with a mean deformity
of 9.8+ 3.4 (3-14.7), while group Il consisted of 16 (48.5%) patients with a mean deformity of 19.6+3.7 (15.3-29.4).
There was no difference in the functional scores between group I and group Il; HHS was 89.4 £ 7.4 versus 87.7 +8.9
(p=0.54), TLKSS was 84.6 9.6 versus 80.4+ 13.9 (p=0.32), and Neer score was 87.9+9.5 versus 83+ 12.5 (p=0.21)
for group | and group II, respectively.
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Conclusion There was no difference in malrotation incidence after unilateral femoral fractures IMN with either an
intraoperative clinical or radiological method for rotational adjustment; furthermore, malrotation did not affect

the functional outcomes.

Keywords Femoral shaft fracture, Intramedullary nailing, Femoral rotational malalignment, Functional outcomes,

Radiolucent operative table

Introduction

Treating femoral shaft fractures using intramedullary
nailing (IMN) (either antegrade or retrograde) became
the gold standard option in adult patients, owing to its
relative safety, reproducibility, and ability to address frac-
tures at different anatomical locations (peri trochanteric,
subtrochanteric, shaft, and supracondylar fractures) [1—
3]. This management option enabled surgeons to achieve
high femoral fracture union rates, reaching up to 99%
owing to its biological advantages (preserving the frac-
ture hematoma), closed indirect fracture reduction, and
minimal soft tissue dissection [3, 4].

IMN is usually performed as a closed maneuver, either
with or without fluoroscopic control; however, it is prone
to fracture malreduction with a resultant malalignment
(in coronal, sagittal, and axial planes) and improper leg
length restoration [5-7]. Rotational malalignment (mal-
rotation in the axial plane) is by far the most frequent
complication after femoral fractures IMN, reaching an
incidence of up to 35%, which is usually challenging to
detect intraoperatively using radiological images or post-
operatively by clinical evaluation [8—-11].

To avoid such complication, various methods were
suggested for controlling the femoral rotation while per-
forming IMN; most of these methods depend mainly
on replicating the rotation profile of the contralateral
intact side; however, there has yet to be an agreement on
a single most accurate method [8]. Some clinical meth-
ods could be used, such as comparing the foot and hip
joint rotation on both sides; however, this is only possible
after securing the IMN in place, which showed a higher
incidence of missed malrotation in more than 40% of the
patients [8, 10, 12]. Radiological methods rely on copying
the profile of the lesser trochanter from the intact con-
tralateral side to the fractured side, which is widely used
by most surgeons [10, 11, 13, 14]. Another method that
is only helpful in cases with pure transverse fractures is
to compare the cortical thickness above and below the
fracture [15]. Furthermore, computer navigation-assisted
surgery significantly reduced malrotation incidence;
however, this technology is unavailable for most surgeons
[16].

Malrotation after IMN could affect patients’ out-
comes and satisfaction after surgery [9, 17, 18]; how-
ever, the threshold point to consider a femoral fracture

as malrotated or not when compared to the contralateral
intact side is controversial among reports; some authors
considered 10 degrees as the cutoff value, while others
raised this to 15 degrees; this threshold differs according
to the patient’s ability to compensate for this deformity
without symptoms [8, 10, 19], however, most surgeons
agreed that malrotation greater than 30 degrees or affect-
ing patients functional outcomes would need surgical
correction [20, 21].

The primary objective of the current study was to assess
which is better for obtaining the proper femoral rotation
during IMN of unilateral femoral shaft fractures, the
radiological or clinical method. The secondary objectives
were to document malrotation’s incidence and its effect
on the hip and knee functional outcomes. We hypoth-
esized that the radiological method is more accurate for
obtaining the proper rotation, and if malrotation is pre-
sent, it will negatively affect the functional outcomes.

Patients and methods

After obtaining ethical committee approval (IRB no.
17101876), a prospective cohort study was carried out
over three years starting from January 2018 to include
patients presented with femoral shaft fractures and
treated with IMN. During this period, we received 75
patients with femoral shaft fractures admitted to the
trauma unit, Orthopaedic Department, El-Eman General
Hospital, Assiut, Egypt.

We included adult patients with a recent (within
3 weeks) unilateral femoral shaft fracture (closed or
open) who were amenable to IMN. Patients presented
with bilateral femoral fractures, ipsilateral lower extrem-
ity skeletal injuries, segmental femoral shaft fractures; if
the lesser trochanter on the same side was fractured, pre-
vious contralateral proximal femoral fracture resulted in
anatomical distortion, and patients refused to participate
in the study were excluded. Of the 75 patients presented
during the study period, 38 were eligible, and five refused
to participate, leaving 33 patients to be included, who
were all available until the last follow up.

Upon admission to the hospital, initial assessment and
management were carried out according to the ATLS
protocol. For femoral fractures assessment, an anteropos-
terior (AP) and lateral plain radiographs were obtained
(including the ipsilateral hip and knee). Fractures were
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classified for comminution according to the Winquist-
Hansen classification and fracture geometry according to
the AO/Orthopaedic Trauma Association classification
systems.

Operative details The average time between the initial
trauma and the surgical intervention was 2.1+2.9 days
(1-17); all patients were operated upon under spinal
anesthesia, supine position, using a usual radiolucent
operative table, where a C-arm fluoroscopy unit was on
the opposite side. A reamed IMN with a piriformis entry
point was used in all cases; either radiological or clini-
cal assessment methods for rotational alignment adjust-
ments as described in the literature were adopted [5, 8,
22, 23]; the method used was according to surgeon pref-
erence. In the clinical method First, we assess the hip
range of motion (maximum internal and external rota-
tion) of the uninjured side with the knee and hip flexed
90 degrees; we also note the foot position while the leg
is resting on the table. During surgery, both sides are
draped; after inserting the nail, one distal locking screw is
inserted; the fractured side is now evaluated for hip range
of motion, aiming at a hip rotation that matches the
uninjured side, and if there is any adjustment heed to be
made before final fixation. Also, we keep the whole limb
in an extended position and compare the resting foot
position with the other side. In the radiological method,
the technique relying on the lesser trochanter profile is
utilized. First, the contralateral uninjured limb is kept
straight with the patella facing upward; an AP view of the
hip is taken and stored, noting the shape of the lesser tro-
chanter. After nail insertion and proximal locking in the
fractured side, the distal part of the limb is rotated so that
the patella is facing upward; then, the proximal fragment
is rotated either internally or externally using the nail
aiming jig till we get a lesser trochanter profile similar to
the uninjured side.

Mini-open assisted reduction was required in 10
(30.3%) patients; all were from the clinical method group.
Two (6%) patients had concomitant skeletal injuries (one
fracture humerus and one fracture clavicle), which were
treated at the same session by open reduction and inter-
nal fixation. According to the intraoperative technique
used to adjust the femoral rotational alignment, patients
were divided into two groups, wherein in group A (16
patients), a radiological method was used, and in group B
(17 patients), rotational alignment was assessed clinically.

Postoperative care and follow up protocol

After obtaining AP and lateral radiographs immedi-
ately postoperatively to ensure the quality of reduction
and the implant positioning, patients were allowed to
start active hip and knee mobilization under the super-
vision of a physiotherapist from the first postoperative
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day. Partial weight bearing was allowed according to the
fracture configuration and the patients’ competence.
Patients were discharged from the hospital after a mean
of 10.21 +1.12 days (3-20).

Follow up visits were scheduled at two weeks (for
wound check and stitches removal), at six weeks for ini-
tial radiographic evaluation of the union process, and
to determine the weight-bearing status. Then at three,
six,12 months, and then annually. The fracture was con-
sidered united if there was an evident bridging callus
in both AP and lateral plain radiographs (2—-3 cortices)
and clinically by the patient’s ability to pain-free weight
bearing.

At the last follow up, all patients were assessed clini-
cally using the Harris hip score (HHS), the Tegner
Lysholm Knee Scoring Scale (TLKSS), and the Neer
score [24]. The rotational alignment of the lower limb
was assessed by obtaining a CT scan for both lower limbs
using the method described by Jeanmart et al. [25]; then,
patients were further divided into two groups according
to the presence of significant malrotation, considering 15
degrees as the cutoff value [10, 19, 26], group I included
patients with accepted rotation (<15 degrees), and group
II included patients with true malrotation (>15 degrees)
(Figs. 1 and 2).

Statistical analysis

Statistical analysis was performed using IBM SPSS Sta-
tistics Version 23. continuous variables described by
mean and standard deviation, and categorical variables
were described by numbers and percentages. Student’s
¢ tests were used to compare continuous variables. The
chi-square test and Fisher exact test were used to com-
pare categorical variables. The correlation between dif-
ferent functional scores with the amount of rotation was
assessed by Pearson correlation. A p<0.05 was consid-
ered statistically significant.

Results

The patients’ mean age was 30.7+9.3 years (range from
20 to 63); 27 (81.8%) were males, the left side was injured
in 21 (63.6%) patients, the mean BMI was 25.1+3.1
(range from 18.5 to 30, 16 (48.5%) were normal weight,
13 (39.4%) were overweight, and four (12.1) were obese)
and most of the cases were injured during a road traffic
accident, 25 (75.8%) patients. Fractures were classified
into 15 (45.4%) type I, 9 (27.3%) type 1I, 6 (18.2%) type
III, and 3 (9.1%) type IV, according to Winquist Classifi-
cation. While according to AO classification, 13 fractures
(39.3%) were type A, 17 fractures (51.5%) were type B,
and three fractures (9%) were type C. Six (18.2%) frac-
tures were open ( two type I, and four type II, according
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Fig. 1 Male patient, 32 years old, sustained a left femur fracture, he was treated by IMN, and the rotation was adjusted using the clinical method
(Group B). A preoperative radiographs. B postoperative radiographs. C follow up radiographs at 14 months follow up showing complete union

of the fracture. D rotational profile measured using CT scan, showing external rotation deformity of the left side of 21.6 degrees (Group Il) compared
to the intact right side. E clinical images showing the functional outcomes

Fig. 2 Male patient, 26 years old, sustained a left femur fracture, he was treated by IMN, and the rotation was adjusted using the radiological
method (Group A). A preoperative radiographs. B postoperative radiographs. C follow up radiographs at 12 months follow up showing

the complete union of the fracture. D rotational profile measured using CT scan, showing external rotation deformity of the left side of 12.4 degrees
(Group 1) compared to the intact right side. E clinical images showing the functional outcomes
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to Gustillo classification). Patients’ details are shown in
(Table 1).

After a mean follow up of 18.2 £ 6.9 months (8-34), all
patients were available for assessment, and all fractures
were united. The overall mean amount of rotational dif-
ference in the fractured side compared to the contralat-
eral intact side was 14.7° £ 6.0 (3—29.4); the deformity was
external rotation in 28 (84.8%) patients, while five (15.2%)
had an internal rotation deformity. The mean rotational
deformity in group A compared to group B was 13.9°+6.7
and 15.7°+5.5, respectively, with no difference between
both groups (p=0.47). Seventeen (51.5%) patients belong
to group I with a mean deformity of 9.8°+3.4 (3-14.7),
while group II consisted of 16 (48.5%) patients with a
mean deformity of 19.6°+3.7 (15.3-29.4) (all were in
external rotation). Five (50%) out of ten patients who had
a mini-open assisted fracture reduction had a true rota-
tional deformity, compared to 11 (47.8%) of the patients
who had closed reduction; the difference was insignifi-
cant (p value=0.45).

Regarding the functional scores, for the three meas-
ured scores, there was no difference between patients
who had an accepted rotation (group I) and those with

Table 1 Patients, trauma, and fracture characteristics
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true malrotation (group II), and the overall scores were
as follows, HHS was 89.4 +7.4 (100-74) versus 87.7 +8.9
(100-70) (p=0.54), TLKSS was 84.6+9.6 (100-71) ver-
sus 80.4+13.9 (100-57) (p=0.32), and Neer score was
87.9+9.5 (100-64) versus 83 £ 12.5 (100-60) (p=0.21) for
group I and group II, respectively. Details of the score’s
classes are presented in (Table 2). Furthermore, there
was an insignificant correlation between the amount of
deformity and the functional scores, HHS (r=-0.21,
p=0.23), TLKSS (r=-0.18, p=0.31), and Neer score
(r=—0.15, p=0.40).

Discussion
We found that there was no difference regarding the inci-
dence of malrotation deformity after IMN of unilateral
femoral fractures operated on a usual radiolucent table
either after using an intraoperative clinical or radiologi-
cal method for rotational adjustment; furthermore, the
functional outcomes were not affected by the presence or
the degree of malrotation, so both our hypotheses were
disputed.

Malrotation is considered one of the most common
complications when treating femoral shaft fractures

Variables Group A (n=16) Group B (n=17) p value
Age* 266+52 339+£109 0.02
Gender** Male 12 (75%) 11 (64.7%) 047
Female 4(25%) 6 (35.3%)
Side** Right 11 (68.7%) 10 (68.8%) 0.55
Left 5(31.3%) 7 (41.2%)
BMI* 253+33 248+3 0.72
Mechanism of injury** Animal Kick 0 (0.0%) 1 (5.9%) 0.04
FAI 0 (0.0%) 3(17.6%)
FFH 3(18.7%) 2(11.8%)
FOG 2 (12.5%) 2 (11.8%)
RTA 11 (68.8%) 9 (52.9%)
Fracture classification
Winquist-Hansen** Typel 8 (50.0%) 7 (41.3%) 037
Typelll 5(31.2%) 4 (23.5%)
Type lll 3(18.8%) 3(17.6%)
Type IV 0 (0.0%) 3(17.6%)
AO-OTA** A2 0 (0.0%) 3(17.6%) 013
A3 8 (50.0%) 2(11.8%)
B1 1(6.3%) 1 (5.9%)
B2 5(31.3%) 5(29.4%)
B3 2(12.5%) 3(17.6%)
(@ 0 (0.0%) 1(5.9%)

Group A:rotation was adjusted by radiological method, Group B: rotation was adjusted by clinical method

*Data presented as mean +SD, **Data presented as number (percentage). Significant values are presented in bold

BMI: body mass index, FAI: firearm injury, FFH: fall from a height, FOG: fall on ground, RTA: road traffic accident
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Table 2 Differences between functional scores classes

Group | (n=17) Group Il (n=16) pvalue
Harris hip score
Mean +SD 894+74 87.7+89 0.54
Class 0.69
Excellent 9 (52.9%) 6 (37.5%)
Good 7 (41.2%) 7 (43.8%)
Fair 1 (5.9%) 2 (12.5%)
Poor 0 1 (6.3%)
Lysholm knee score
Mean +SD 84.6+9.6 804+139 032
Class 0.55
Excellent 5(29.4%) 4 (25%)
Good 9 (52.9%) 5(31.3%)
Fair 3(17.6%) 4 (25%)
Poor 0 3(18.8%)
Neer score
Mean +SD 879+95 83+125 0.21
Class 0.29
Excellent 12 (70.6%) 6 (37.5%)
Satisfactory 4(235%)  8(50%)
Unsatisfactory 1 (5.9%) 2 (12.5%)

Group | (accepted rotation), Group Il (true malrotation)

using IMN [8, 9]. Various factors could lead to this prob-
lem, some of which are related to the characteristics of
the fracture (such as configuration and comminution),
some could be related to the surgical technique (such as
using fracture table and patient position), and patient fac-
tors (such as operating on obese patients) [5, 8, 27, 28].
Moreover, the direction and the amount of malrotation
are determined mainly by the fracture location and the
muscles acting around the fracture [5]. The malrotation
incidence documented in the literature varied among
studies and was reported to occur in 35% to 42% of the
patients [8—11, 17]. In the current study, we reported
an incidence of malrotation of 48.5%, which is slightly
higher than what is reported in the literature. Further-
more, most of the deformities (84.8%) were in external
rotation, although we did not investigate the predispos-
ing factors; this could be attributed to the muscle forces
working around the fracture, about 52% of the included
patients were obese or overweight, operating in a supine
position, and not using a traction table [5, 6, 23]. How-
ever, we cannot deny possible surgical technique issues
predisposing to the deformity, specifically using manual
traction to maintain the reduction till final fixation [5, 8].

Suggested advantages of using a fracture table over
a regular radiolucent one are the less assistance needed
and maintenance of the fracture position while operat-
ing [28, 29]; however, it carries some complications such
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as nerve palsies, perineal soft tissue injuries, ankle joint
pain, and possible increased risk of femoral internal mal-
rotation [30]. We were comfortable operating all cases on
the usual radiolucent operative tables while the patient
was supine, using manual traction to assist fracture
reduction. Some studies showed no difference in malro-
tation incidence according to the operative table type, as
shown in a randomized study by Rashid et al. included
74 patients having femoral fractures treated with IMN;
37 were operated upon using a fracture table and 37 on
a regular operative table, and the overall incidence of
malrotation was 17.6% (76.9% of them were internally
rotated), which was not different between both groups
(p=0.760) [29]. However, on the contrary, in a rand-
omized study by Stephen et al. operating using a fracture
traction table (42 patients) versus manual traction (45
patients), the authors reported significantly more inter-
nal malrotation (>10 degrees) in patients operated on
traction table compared to manual traction, 29% versus
7%, respectively (p=0.007). Furthermore, they reported
lower mean operative time with the manual traction
technique than operating on a traction table, 119 versus
139 min, respectively (p=0.033) [28].

Several techniques were described for obtaining proper
rotation during IMN of femoral shaft fractures, includ-
ing direct visualization (if an open reduction was per-
formed), morphological fracture characteristics, and
fracture reduction alignment under fluoroscopy [8, 15,
27, 31]. Furthermore, different techniques relying on
using the uninjured contralateral side (either radiologi-
cally or clinically) as a template have been used by many
surgeons [11, 22, 26]. In the current study, we did not
encounter a difference in the incidence of malrotation
after either the radiological or clinical method relying on
the normal contralateral side. On the contrary, a study by
Deshmukh et al. compared a radiological method while
operating on a fracture table (by using the profile of the
lesser trochanter on the intact side as a template) to a
conventional clinical technique; the mean malrotation
was 12.5° (range 6.4—17.7) with the clinical technique
compared to 4.1° (range 0-9.9) with the radiological
technique, the difference was significant (p=0.016) [22].
In a study by Mansouri-Tehrani et al., who treated 140
patients with isolated femoral fractures using IMN over
six years, intraoperative assessment of rotational profile
was performed by clinical method, postoperative malro-
tation assessment using a CT scan showed a 15.7% inci-
dence of malrotation of 10-15 degrees [32].

The caveat of using the contralateral side as a tem-
plate originated from the possibility of deformity or
version difference in the supposed normal contralat-
eral side compared to the injured side [27, 33]. In a CT-
based study by Croom et al. to evaluate the difference in
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femoral version between both sides in uninjured indi-
viduals, they included 164 subjects, the mean version
difference between both sides was 5.4°+4.4, 17.7% had a
difference in version > 10 degrees, and 4.3% had a differ-
ence in version > 15 degrees. They concluded that a pos-
sible difference in the femoral version between both sides
could be present and proposed a 15 degrees difference as
the point for considering malrotation [27].

We assessed the rotational profile by CT scan images;
however, various methods, including clinical and radio-
logical, for postoperative malrotation assessment were
described, but both are unreliable and less accurate [8];
however, most surgeons rely on assessing the rotational
profile by obtaining a CT scan of both sides, which
proved to be an accurate and efficient method [34, 35].
We adopted the technique described by Jeanmart et al.
[25], where the angle was calculated between the femoral
neck axis and a line tangential to the posterior condyles,
which was also utilized in the study by Karaman et al.
[9]; however, various techniques using various lines were
described [26, 27].

How much malrotation a patient can tolerate and com-
pensate for is controversial among authors; most sur-
geons agreed that malrotation less than 10 degrees will
pass unnoticed by the patient and easily compensated as
it is considered within the normal variations limit, while
malrotation above 15 degrees will be considered as path-
ological malrotation, and malrotation between 10 and
14 degrees is a grey or controversial zone [5, 8]. Some
authors, such as Kent et al,, raised the acceptance range
of malrotation between 15 and 30 degrees, believing that
most patients could tolerate this deformity amount [21].

The patient compensates for the malrotation by rotat-
ing the lumbosacral spine, hip joint, knee joint, and up to
the foot and ankle; these compensatory mechanisms are
more evident while walking [36]. However, If the malro-
tation was large enough, it could be noted by the patients
and cause cosmetic disfigurement; furthermore, it could
negatively affect these compensatory mechanisms, lead-
ing to lower hip and knee functional outcomes, less
patient satisfaction, and patients’ daily activities affection
8,9, 17, 18].

Although we had a relatively high incidence of malro-
tation compared to the literature, we achieved excellent
or good functional outcomes in the hip and knee joints
in 87.9% and 96.7% of the patients, respectively. Further-
more, according to Neer’s score, excellent or satisfactory
results were obtained in 90.9% of the patients, and the
presence and the degree of malrotation did not affect the
functional outcomes.

The effect of femoral malrotation on functional out-
comes differs among studies as it is affected by patients’
ability to compensate for the deformity; in a study by
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Braten et al, although malrotation of more than 15
degrees was reported in 21 patients, only eight had a
clinical complaint [37]. In a study by Gugala et al. on 16
patients, they reported internal rotation deformity (3—13
degrees) in five patients, while in 11 patients, an exter-
nal rotation deformity (3—-32 degrees) was evident, the
authors reported no difference regarding patients sat-
isfaction according to the deformity direction; however,
external rotation deformity was better tolerated com-
pared to internal rotation [38]. Furthermore, Mansouri-
Tehrani et al. reported no correlation between femoral
malrotation and clinical outcomes [32].

On the contrary, many authors reported that femoral
malrotation affects functional outcomes, especially its
negative effect on the patellofemoral joint, resulting in
persistent anterior knee pain [10, 18, 26]. In a study by
Karaman et al. on 24 patients who were treated by IMN
for a unilateral femoral fracture, they reported an inci-
dence of malrotation of about 42% as compared to the
contralateral intact side; they reported lower TLKSS
and WOMAC scores (for the knee and the hip joints) in
patients with malrotation (no difference between exter-
nal or internal deformity) compared to those who did not
have deformity, patients complained mainly of anterior
knee pain while climbing stairs and performing sports
activities; furthermore, some patients in the malrotation
group reported occasional hip pain [9].

We admit that the current study has some inherent
limitations. First, we did not perform a sample size calcu-
lation before the study; however, we believe we included
enough average number of patients compared to the pre-
viously published studies, enabling us to obtain sensi-
ble results. However, we admit that a larger sample-size
study would be preferable. Second, is the lack of ran-
domization. Third, we did not calculate the amount of
radiation exposure from performing a CT scan to assess
the rotational profile; however, according to the radiology
department, the radiation was kept to a minimum within
the range of accepted limits [39]. Last, the relatively short
follow up period, as a longer follow up is needed to esti-
mate the possible long-term effects of malrotation on the
outcomes.

Conclusions

There was no difference in the amount of femoral mal-
rotation after treating a unilateral femoral shaft fracture
using IMN, either after utilizing intraoperative clinical
or radiological methods for obtaining proper rotation.
The functional outcomes were accepted in most patients,
which did not differ between patients with an accepted
rotation or true malrotation. Further well-designed rand-
omized studies will help support our findings.
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Abbreviations

IMN Intramedullary nailing

AP Anteroposterior

HHS Harris hip score

TLKSS  Tegner Lysholm Knee Scoring Scale

Acknowledgements
Not applicable.

Author contribution

OF conducted the Study conception and design. IMA and HA performed

the surgeries. AAK and IMA conducted data acquisition, assessment, and
measurements. AAK, HA, and AM analyzed and interpreted data, drafted the
manuscript, and designed the figures. OF and AM did the critical revision. All
authors discussed the results and commented on the manuscript. All authors
read and approved the final manuscript. The first and the second authors
contributed equally to the manuscript.

Funding

Open access funding provided by The Science, Technology & Innovation
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank
(EKB). This research did not receive any specific grant from funding agencies in
the public, commercial, or not-for-profit sectors.

Availability of data and materials

All the data related to the study are mentioned within the manuscript;
however, the raw data are available with the corresponding author and will be
provided upon a written request.

Declarations

Ethical approval and consent to participate

This article does not contain any experimental studies with human partici-
pants or animals performed by any of the authors, and the ethical committee
approved it: Faculty of Medicine, Assiut University, Egypt (IRB no.:17101876)
(Telephone, Fax: + 20882332278, ethics-committee12@yahoo.com, IRB-Asyut@
aun.Edu.eg, http://afm.edu.eg), Informed consent was obtained from all
participants included in the study.

Consent for publication
Patients signed informed consent regarding publishing their data and
photographs.

Competing interests
The authors declare that they have no conflict of interest.

Author details

!Orthopaedic Department, El-Eman General Hospital, Assiut, Egypt. 2Ortho-
paedic Department, Qena Faculty of Medicine and University Hospital, South
Valley University, Kilo 6 Qena-Safaga Highway, Qena, Egypt. *Orthopaedic
Department, Faculty of Medicine, Assiut University Hospital, Assiut University,
Assiut, Egypt.

Received: 19 July 2023 Accepted: 18 October 2023
Published online: 29 October 2023

References

1. Brumback RJ, Virkus WW. Intramedullary nailing of the femur: reamed
versus nonreamed. J Am Acad Orthop Surg. 2000;8(2):83-90. https://doi.
0rg/10.5435/00124635-200003000-00002.

2. Hoffmann MF, Khoriaty JD, Sietsema DL, Jones CB. Outcome of intramed-
ullary nailing treatment for intertrochanteric femoral fractures. J Orthop
Surg Res. 2019;14(1):360. https://doi.org/10.1186/513018-019-1431-3.

3. Yoon RS, Liporace FA. Impact of intramedullary nailing in the treat-
ment of femur fractures an evolutionary perspective. Bull Hosp Jt Dis.
2018;76(1):9-13.

(2023) 18:808

20.

21

22.

23.

Page 8 of 9

Wolinsky PR, McCarty E, ShyrY, Johnson K. Reamed intramedullary nailing
of the femur: 551 cases. J Trauma. 1999;46(3):392-9. https://doi.org/10.
1097/00005373-199903000-00007.

Lindsey JD, Krieg JC. Femoral malrotation following intramedullary nail
fixation. J Am Acad Orthop Surg. 2011;19(1):17-26. https://doi.org/10.
5435/00124635-201101000-00003.

Sullivan M, Bonilla K, Donegan D. Malrotation of long bones. Orthop Clin
North Am. 2021;52(3):215-29. https://doi.org/10.1016/j.0cl.2021.03.008.
Fantry AJ, Elia G, Vopat BG, Daniels AH. Distal femoral complications
following antegrade intramedullary nail placement. Orthop Rev (Pavia).
2015;7(1):5820. https://doi.org/10.4081/0r.2015.5820.

Branca Vergano L, Coviello G, Monesi M. Rotational malalignment in
femoral nailing: prevention, diagnosis and surgical correction. Acta
Biomed. 2020;91(14-5):e2020003. https://doi.org/10.23750/abm.v91i14-S.
10725.

Karaman O, Ayhan E, Kesmezacar H, Seker A, Unlu MC, Aydingoz O.
Rotational malalignment after closed intramedullary nailing of femoral
shaft fractures and its influence on daily life. Eur J Orthop Surg Traumatol.
2014;24(7):1243-7. https://doi.org/10.1007/500590-013-1289-8.

. Jaarsma RL, Pakvis DF, Verdonschot N, Biert J, van Kampen A. Rotational

malalignment after intramedullary nailing of femoral fractures. J Orthop
Trauma. 2004;18(7):403-9. https://doi.org/10.1097/00005131-20040
8000-00002.

. Jaarsma RL, Verdonschot N, van der Venne R, van Kampen A. Avoiding

rotational malalignment after fractures of the femur by using the profile
of the lesser trochanter: an in vitro study. Arch Orthop Trauma Surg.
2005;125(3):184-7. https://doi.org/10.1007/500402-004-0790-2.

. Reikeras O, Hoiseth A, Reigstad A, Fonstelien E. Femoral neck angles: a

specimen study with special regard to bilateral differences. Acta Orthop
Scand. 1982,53(5):775-9. https://doi.org/10.3109/17453678208992291.

. ParkJ, Yang KH. Correction of malalignment in proximal femoral

nailing-reduction technique of displaced proximal fragment. Injury.
2010;41(6):634-8. https://doi.org/10.1016/j.injury.2010.01.114.

. Afsari A, Liporace F, Lindvall E, Infante A Jr, Sagi HC, Haidukewych GJ.

Clamp-assisted reduction of high subtrochanteric fractures of the femur.
J Bone Joint Surg Am. 2009;91(8):1913-8. https://doi.org/10.2106/JBJS.H.
01563.

. Langer JS, Gardner MJ, Ricci WM. The cortical step sign as a tool for

assessing and correcting rotational deformity in femoral shaft fractures.
J Orthop Trauma. 2010;24(2):82-8. https://doi.org/10.1097/BOT.0b013
€3181b66f96.

. Weil YA, Greenberg A, Khoury A, Mosheiff R, Liebergall M. Computerized

navigation for length and rotation control in femoral fractures: a prelimi-
nary clinical study. J Orthop Trauma. 2014;28(2):e27-33. https://doi.org/
10.1097/BOT.0b013e31829%aaefb.

. Wahnert D, Gehweiler D. Complications of intramedullary nailing-Evo-

lution of treatment. Injury. 2017;48(Suppl 1):559-63. https://doi.org/10.
1016/jinjury.2017.04.032.

Yildirim AO, Aksahin E, Sakman B, Kati YA, Akti S, Dogan O, Ucaner A, Bici-
moglu A. The effect of rotational deformity on patellofemoral parameters
following the treatment of femoral shaft fracture. Arch Orthop Trauma
Surg. 2013;133(5):641-8. https://doi.org/10.1007/500402-013-1705-x.
Ricci WM, Bellabarba C, Evanoff B, Herscovici D, DiPasquale T, Sanders R.
Retrograde versus antegrade nailing of femoral shaft fractures. J Orthop
Trauma. 2001;15(3):161-9. https://doi.org/10.1097/00005131-20010
3000-00003.

Gugenheim JJ, Probe RA, Brinker MR. The effects of femoral shaft malrota-
tion on lower extremity anatomy. J Orthop Trauma. 2004;18(10):658-64.
https://doi.org/10.1097/00005131-200411000-00002.

Kent ME, Arora A, Owen PJ, Khanduja V. Assessment and correction of
femoral malrotation following intramedullary nailing of the femur. Acta
Orthop Belg. 2010;76(5):580-4.

Deshmukh RG, Lou KK, Neo CB, Yew KS, Rozman |, George J. A technique
to obtain correct rotational alignment during closed locked intramedul-
lary nailing of the femur. Injury. 1998;29(3):207-10. https://doi.org/10.
1016/50020-1383(97)00182-4.

Krettek C, Miclau T, Grun O, Schandelmaier P, Tscherne H. Intraoperative
control of axes, rotation and length in femoral and tibial fractures. Techni-
cal note Injury. 1998;29(Suppl 3):C29-39. https://doi.org/10.1016/50020-
1383(98)95006-9.


http://afm.edu.eg
https://doi.org/10.5435/00124635-200003000-00002
https://doi.org/10.5435/00124635-200003000-00002
https://doi.org/10.1186/s13018-019-1431-3
https://doi.org/10.1097/00005373-199903000-00007
https://doi.org/10.1097/00005373-199903000-00007
https://doi.org/10.5435/00124635-201101000-00003
https://doi.org/10.5435/00124635-201101000-00003
https://doi.org/10.1016/j.ocl.2021.03.008
https://doi.org/10.4081/or.2015.5820
https://doi.org/10.23750/abm.v91i14-S.10725
https://doi.org/10.23750/abm.v91i14-S.10725
https://doi.org/10.1007/s00590-013-1289-8
https://doi.org/10.1097/00005131-200408000-00002
https://doi.org/10.1097/00005131-200408000-00002
https://doi.org/10.1007/s00402-004-0790-2
https://doi.org/10.3109/17453678208992291
https://doi.org/10.1016/j.injury.2010.01.114
https://doi.org/10.2106/JBJS.H.01563
https://doi.org/10.2106/JBJS.H.01563
https://doi.org/10.1097/BOT.0b013e3181b66f96
https://doi.org/10.1097/BOT.0b013e3181b66f96
https://doi.org/10.1097/BOT.0b013e31829aaefb
https://doi.org/10.1097/BOT.0b013e31829aaefb
https://doi.org/10.1016/j.injury.2017.04.032
https://doi.org/10.1016/j.injury.2017.04.032
https://doi.org/10.1007/s00402-013-1705-x
https://doi.org/10.1097/00005131-200103000-00003
https://doi.org/10.1097/00005131-200103000-00003
https://doi.org/10.1097/00005131-200411000-00002
https://doi.org/10.1016/s0020-1383(97)00182-4
https://doi.org/10.1016/s0020-1383(97)00182-4
https://doi.org/10.1016/s0020-1383(98)95006-9
https://doi.org/10.1016/s0020-1383(98)95006-9

Abbeas et al. Journal of Orthopaedic Surgery and Research

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

(2023) 18:808

Neer CS 2nd, Grantham SA, Shelton ML. Supracondylar fracture of the
adult femur. A study of one hundred and ten cases. J Bone Joint Surg Am.
1967,49(4):591.

Jeanmart L, Baert AL, Wackenheim A. Computer tomography of neck,
chest, spine, and limbs, vol 3. Atlas of pathologic computer tomography.
Springer, New York (1983).

Tornetta P 3rd, Ritz G, Kantor A. Femoral torsion after interlocked nailing
of unstable femoral fractures. J Trauma. 1995;38(2):213-9. https://doi.org/
10.1097/00005373-199502000-00011.

Croom WP, Lorenzana DJ, Auran RL, Cavallero MJ, Heckmann N, Lee J,
White EA. Is contralateral templating reliable for establishing rotational
alignment during intramedullary stabilization of femoral shaft fractures?
A study of individual bilateral differences in femoral version. J Orthop
Trauma. 2018;32(2):61-6. https://doi.org/10.1097/B0OT.0000000000
001028.

Stephen DJ, Kreder HJ, Schemitsch EH, Conlan LB, Wild L, McKee MD.
Femoral intramedullary nailing: comparison of fracture-table and
manual traction. A prospective, randomized study. J Bone Joint Surg Am.
2002;84(9):1514-21. https://doi.org/10.2106/00004623-200209000-00002.
Rashid RH, Zubairi AJ, Umer M. Malrotation after reamed intramedul-
lary nailing with and without a fracture table for closed fractures of the
femoral shaft. J Pak Med Assoc. 2014;64(12 Suppl 2):519-21.

Flierl MA, Stahel PF, Hak DJ, Morgan SJ, Smith WR. Traction table-

related complications in orthopaedic surgery. J Am Acad Orthop Surg.
2010;18(11):668-75. https://doi.org/10.5435/00124635-201011000-00004.
Sathy A, Barnwell JC, Shahrestani SN, Moore D. Reliable method for avoid-
ing malrotation deformity after intramedullary nailing of comminuted
femur fractures: clinical validation of a previously described technique.

J Orthop Trauma. 2017;31(4):e121-6. https://doi.org/10.1097/BOT.00000
00000000767.

Mansouri-Tehrani MM, Yavari P, Moosayii D, Eslami S, Nourian SMA.
Evaluation of femoral malrotation after intramedullary nailing. Int J Burns
Trauma. 2021;11(5):418-23.

Braten M, Terjesen T, Rossvoll I. Femoral anteversion in normal adults.
Ultrasound measurements in 50 men and 50 women. Acta Orthop
Scand. 1992;63(1):29-32. https://doi.org/10.3109/17453679209154844.
Botser IB, Ozoude GC, Martin DE, Siddigi AJ, Kuppuswami S, Domb

BG. Femoral anteversion in the hip: comparison of measurement by
computed tomography, magnetic resonance imaging, and physical
examination. Arthroscopy. 2012;28(5):619-27. https://doi.org/10.1016/j.
arthro.2011.10.021.

Kuo TY, Skedros JG, Bloebaum RD. Measurement of femoral anteversion
by biplane radiography and computed tomography imaging: compari-
son with an anatomic reference. Invest Radiol. 2003;38(4):221-9. https://
doi.org/10.1097/01.RLI.0000059542.90854.EF.

Jaarsma RL, Ongkiehong BF, Gruneberg C, Verdonschot N, Duysens J, van
Kampen A. Compensation for rotational malalignment after intramedul-
lary nailing for femoral shaft fractures. An analysis by plantar pressure
measurements during gait. Injury. 2004;35(12):1270-8. https://doi.org/10.
1016/j.injury.2004.01.016.

Braten M, Terjesen T, Rossvoll |. Torsional deformity after intramedullary
nailing of femoral shaft fractures. Measurement of anteversion angles in
110 patients. J Bone Joint Surg Br. 1993;75(5):799-803. https://doi.org/10.
1302/0301-620X.75B5.8376444.

Gugala Z, Qaisi YT, Hipp JA, Lindsey RW. Long-term functional implica-
tions of the iatrogenic rotational malalignment of healed diaphyseal
femur fractures following intramedullary nailing. Clin Biomech (Bristol,
Avon). 2011;26(3):274-7. https://doi.org/10.1016/j.clinbiomech.2010.11.
005.

Lee CH, Goo JM, Ye HJ, Ye SJ, Park CM, Chun EJ, Im JG. Radiation dose
modulation techniques in the multidetector CT era: from basics to prac-
tice. Radiographics. 2008,28(5):1451-9. https://doi.org/10.1148/rg.28507
5075.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1097/00005373-199502000-00011
https://doi.org/10.1097/00005373-199502000-00011
https://doi.org/10.1097/BOT.0000000000001028
https://doi.org/10.1097/BOT.0000000000001028
https://doi.org/10.2106/00004623-200209000-00002
https://doi.org/10.5435/00124635-201011000-00004
https://doi.org/10.1097/BOT.0000000000000767
https://doi.org/10.1097/BOT.0000000000000767
https://doi.org/10.3109/17453679209154844
https://doi.org/10.1016/j.arthro.2011.10.021
https://doi.org/10.1016/j.arthro.2011.10.021
https://doi.org/10.1097/01.RLI.0000059542.90854.EF
https://doi.org/10.1097/01.RLI.0000059542.90854.EF
https://doi.org/10.1016/j.injury.2004.01.016
https://doi.org/10.1016/j.injury.2004.01.016
https://doi.org/10.1302/0301-620X.75B5.8376444
https://doi.org/10.1302/0301-620X.75B5.8376444
https://doi.org/10.1016/j.clinbiomech.2010.11.005
https://doi.org/10.1016/j.clinbiomech.2010.11.005
https://doi.org/10.1148/rg.285075075
https://doi.org/10.1148/rg.285075075

	Clinical versus radiological method for adjusting rotational alignment during femoral shaft fractures intramedullary nailing and the malrotation impact on the functional outcomes: early results from a prospective cohort study
	Abstract 
	Objectives 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Postoperative care and follow up protocol
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


