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Abstract

Malrotation of tibial fractures after intramedullary nailing remains an unsolved problem. The incidence of
malrotation >10° on computer tomography (CT) measurements has been high in cases of tibial shaft
fractures. We aimed to assess the accuracy of a novel method for the measurement of tibial rotation using
lateral axis views of the C-arm, to prevent postoperative malrotation. Consecutive patients with fresh tibial
fractures treated by intramedullary nailing between January 2021 and December 2022 were included
prospectively. Baseline tibial external rotation (TER) was measured preoperatively on the non-injured
normal side with CT. After proximal or distal screw fixation, the C-arm TER was measured based on lateral
axis views (tibial posterior condylar axis and bimalleolar axis views). The C-arm TER was compared with the
normal-side CT TER; when the difference was <5°, the procedure progressed, and screw fixation was carried
out. The fractured-side CT TER was measured one week post-operatively. Twenty patients (13 males and
seven females) were included. The mean age was 52.4 years. The Orthopaedic Trauma Association (OTA)
classification was 42A in five patients, 42B in twelve patients, and 42C in three patients. The mean
difference between C-arm TER and fractured-side CT TER was 2.3°+1.7°, with Pearson correlation
coefficient r=0.968. The mean difference between normal-side CT TER and fractured-side CT TER was
4.8°%2.8°, and there was no incidence of malrotation >10°. The C-arm method was highly accurate in
estimating CT measurements and preventing tibial malrotation.

Categories: Emergency Medicine, Orthopedics, Trauma
Keywords: comminuted fracture, segmental fracture, incidence of malrotation, bimalleolar axis, tibial posterior
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Introduction

Malrotation of tibial fractures after intramedullary nailing remains an unsolved problem. The acceptable
range of bilateral difference in tibial rotation is <10° [1-5]. After tibial shaft fractures, however, rates of
malrotation >10° on computer tomography (CT) measurements range from 19% to 41% [1-5]. Tibial
malrotation has a potential negative impact on function, abnormal gait or osteoarthritis, and also carries
risks in the realm of litigation and compensation [5-9]. Revision derotation osteotomy after nailing requires
skilled surgeons and introduces additional invasiveness for patients [1,10].

Unfortunately, there has been no reliable simple method for evaluating tibial rotation during intramedullary
nailing. Reports on the use of C-arm fluoroscopy to measure tibial rotation on the lateral knee and
anteroposterior ankle views are limited, and a review of current literature has not confirmed its feasibility
and reproducibility [11,12]. The use of cortical signs at the fracture site has been effective for simple
fractures; however, it may be less useful for segmental or comminuted fractures [13]. While the use of an
external tibial rotation apparatus for arthroplasty is reliable, its applicability is limited due to the
requirement of the apparatus [14]. Comparing true knee and lateral ankle views between normal and
fractured tibia could help prevent malrotation; however, knee joint laxity could interfere with these
measurements [15]. Therefore, all previous studies have shown at least one limitation, such as lack of
reproducibility, less usefulness for segmental or comminuted fractures, the necessity of additional devices,
and evaluation influenced by joint laxity.

We applied bony landmarks to compare tibial rotation measurements using CT with the C-arm lateral axis
views. The lateral axis views showed the same axes as the CT measurements of tibial rotation. We then
developed a novel simple method using lateral axis views captured with the C-arm to carry out
intraoperative measurements of tibial rotation. In the present study, we aimed to assess the accuracy of this
C-arm measurement method and to evaluate whether it can contribute to the prevention of tibial
malrotation.
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This prospective study for reliability analysis was conducted at a single level two trauma center. Approval
from the institutional review board was obtained prior to the study. Informed consent was obtained in the
form of an opt-out on the website. From January 2021 to December 2022, consecutive patients with fresh
tibial fractures treated by intramedullary nailing were included in this study. The Phoenix tibial nail (Zimmer
Biomet, Warsaw, IN, USA) or the TN-Advanced nail (DePuy Synthes, West Chester, PA, USA) was used. A
senior orthopedic surgeon evaluated tibial rotation during and after surgery. Exclusion criteria were bilateral
fractures of the tibia and previous surgery or trauma to either side, including endoprosthesis of the knee or
ankle joint, osteotomies, fractures, and syndesmotic injuries.

Preoperative setting

In our hospital, routine CT scans are performed for all tibia fractures in the emergency room to evaluate the
details and prevent missing any fracture lines. Simultaneous CT imaging of the normal tibia with the
fractured tibia was performed for surgical planning. The SOMATOM Force (SIEMENS, Munich, Germany)
scanner was used for CT imaging, and the Synapse Radiology Information System (FUJIFILM, Tokyo, Japan)
was used to calculate the digital measurements. Tibial external rotation (TER) was given a positive value,
whereas internal rotation was represented by a negative value. The normal-side CT TER was measured as the
angle formed between the lines of the tibial posterior condylar and bimalleolar axes (Figure 7). The tibial
posterior condylar axis and the transtibial axis had no significant difference in torsion within 2 cm of the
proximal tibial articular surface [16]. The bimalleolar axis exhibited higher interobserver and intraobserver
reliability than other methods [17].

FIGURE 1: CT measurement of the angle

The “tibial posterior condylar axis” was the line connecting the posterior aspects of the lateral and medial condyles
at the level just above the fibular head (A). The “bimalleolar axis” was the line connecting the centers of the
articular surface between the medial and lateral malleoli at a level just below the tibial plafond (B). “CT tibial
external rotation” was the angle measured between the lines of the tibial posterior condylar axis and the
bimalleolar axis (angle of (B) - angle of (A)). External rotation was a positive value, and internal rotation was a
negative value.

We defined the lateral axis views on the fluoroscopy image, as follows: tibial posterior condylar axis view and
bimalleolar axis view (Figure 2). The tibial posterior condylar axis view was defined by the posterior aspects
of the medial and lateral condyles overlapping at the knee joint level. The bimalleolar axis view was defined
as the alignment where the lateral malleolus was centered on the medial malleolus at the ankle joint level.
The position of the malleoli was recognized with lateral malleolus cortex and plafond articular edge.
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FIGURE 2: Lateral axis views

Tibial posterior condylar axis view: the posterior aspects of the lateral condyle (black arrow) and the medial
condyle (white arrow) were overlapped at the knee level (A). Bimalleolar axis view: the lateral malleolus was
centered on the medial malleolus at the ankle joint level; the position of malleoli was recognized with the lateral
malleolus cortex edge (black arrow) and plafond articular edge (white arrow) (B).

C-arm method for measuring tibia rotation
and comparing bilateral tibia rotation

A mobile C-arm fluoroscope image intensifier with a protractor (Cios Select; SIEMENS, Munich, Germany)
was used for the measurements. The patient lay in the supine position on a radiolucent surgical table
(ALPHAMAXX; MAQUET, Rastatt, Baden-Wurttemberg, Germany). A lateral parapatellar approach was used
to insert the nails in all patients. The fractured limb was positioned parallel to the table on radiolucent
blocks to maintain a semi-extended position (knee flexion 20-30°) (Figure 3).

Fr,

% | C-ARMOR'

FIGURE 3: Position of the leg

The fractured limb was positioned parallel to the table on radiolucent blocks for maintaining a knee flexion of 20-
30°. The lateral parapatellar approach was used for nail insertion in all patients. Rotation was maintained during
angle measurement by fixing the knee with surgical tape (white arrow) to the radiolucent block.

After proximal or distal screw fixation and temporary fixation of the fracture site, the C-arm was set to
capture a horizontal lateral knee view. The fractured tibia was rotated on the longitudinal axis so that the
posterior aspects of the condyles overlapped and were centered on the monitor (tibial posterior condylar axis
view) (Figure 4). While maintaining this knee position, the C-arm was then moved to the level of the ankle
joint. The C-arm was rotated in the transverse plane until obtaining the view where the lateral malleolus was
centered on the medial malleolus (bimalleolar axis view); the fluoroscopic beam could then be parallel to the
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bimalleolar axis (Figure 5). The value of the C-arm rotation angle was defined as the C-arm TER.

FIGURE 4: Knee lateral view (tibial posterior condylar axis view)

While the C-arm was set to capture a horizontal lateral knee view (A), the fractured tibia was rotated on the
longitudinal axis so that the posterior aspects of the condyles overlapped (white arrow: medial condyle; black
arrow: lateral condyle) and were centered on the monitor (B).

FIGURE 5: Ankle lateral view (bimalleolar axis view)

The C-arm was moved parallel to the ankle joint level (A). The C-arm was rotated in the transverse plane until the
lateral malleolus was centered on the medial malleolus at the level of the ankle joint and on the center of the
monitor (white arrow: plafond articular edge; black arrow: lateral malleolus cortex edge) (B).

The centered position of the bony structures on the monitor is important because of the fluoroscopic beam
diffusibility. The difference between lateral axis views and 5° difference views could be recognized on
fluoroscopy (Figure 6 and Figure 7).

FIGURE 6: Comparing fluoroscopic image of 5° difference of knee

Internal rotation 5° from tibial posterior condylar axis view (A). Tibial posterior condylar axis view (B). External
rotation 5° from tibial posterior condylar axis view (C). (white arrow: medial condyle; black arrow: lateral condyle).
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FIGURE 7: Comparing fluoroscopic image of 5° difference of ankle

Internal rotation 5° from bimalleolar axis view (A). Bimalleolar axis view (B). External rotation 5° from bimalleolar
axis view (C). (white arrow: medial malleolus articular edge; black arrow: lateral malleolus cortex edge)

After the first measurement procedure, the C-arm TER was compared with the normal-side CT TER
measured before surgery. If the difference between the C-arm TER angle and the normal-side CT TER angle
was <5°, the procedure progressed, and screw fixation was carried out. If the difference between the C-arm
TER angle and the normal-side CT TER was >5°, the fracture site was re-reduced (Figure 8). A final C-arm
TER angle was measured once fixation was completed and recorded in the operative notes.

Proximal or distal screw fixation A B
Reduction and temporary fixation C-arm TER Normal side CT TER
by external fixator or percutaneous forceps Intraoperative measurement Preoperative measurement
' |a-Bl>5° b—/|a-B|] |—|[aBlsse |
CT: computed tomography, TER: tibial external rotation, | |: absolute value | Screw fixation progressed |

FIGURE 8: Flowchart of angle comparison and fixation

After surgery, range of motion exercises were initiated at one week while maintaining non-weight-bearing
status. Postoperative CT images were obtained from all patients at one week. Partial weight-bearing began at
four weeks and full weight-bearing at eight weeks for all patients.

Outcome

The primary outcome was the accuracy of the C-arm TER angle during surgery. This was assessed by
comparing the intraoperative C-arm TER with the fracture-side CT TER performed one week after surgery.
The secondary outcome was the incidence of malrotation. To evaluate this, the difference between the
fractured-side and normal-side CT TER values was calculated one week after surgery. The limit of
acceptance was set as *5° between the C-arm TER and fractured-side CT TER on the Bland-Altman plot.
This number was selected based on the individual bilateral differences in the tibial rotation of healthy
subjects [18].

Statistics analysis

Descriptive statistics were reported using the mean and standard deviation of the measurements and the
difference in measurements. Pearson's correlation coefficient was used to assess C-arm method accuracy. A
Bland-Altman plot was used to evaluate the measure of agreement. Statistical analyses were performed
using EZR analysis software v1.5 (The R Foundation for Statistical Computing) and Modified R Commander
v4.0.2 (for Windows; https://personal.hs.hirosaki-u.ac.jp/pteiki/research/stat/R/).

Results

Overall, 20 patients (13 males and seven females) were included in the study. None of the consecutive
patients met the exclusion criteria. The mean age was 52.4 years (range: 20-85 years). The Orthopaedic
Trauma Association (OTA) classification was 42A in five patients, 42B in twelve patients, and 42C in three
patients. The mean C-arm TER was 20.7°+10.2°. The mean fractured-side CT TER was 20.7°+11.5°. The mean
normal-side CT TER was 22.2°£8.1° (Figure 9).
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FIGURE 9: Histogram of angle measurements

The C-arm tibial external rotation (TER) (A), fractured-side computed tomography (CT) TER (B), and normal-side
CTTER (C).

The mean difference between C-arm TER and fractured-side CT TER was 2.3°+1.7°. Ten (50%) patients had
differences of <2°. The maximum range of differences was 5°. The Pearson correlation coefficient between
the two angles was r=0.968 (p<0.001), indicating a strong correlation. The Bland-Altman plot revealed that
all patients had measurements within the £5° limit of acceptance (Figure 10).
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FIGURE 10: C-arm method versus CT measurement comparison

The difference between C-arm tibial external rotation (TER) and fractured-side computed tomography (CT) TER
[A], Pearson’s correlation coefficients [B], Bland—Altman plot [C].

The mean difference between the normal-side CT TER and fractured-side CT TER was 4.8°+2.8°, and 15
(75%) patients had differences of <6°. The maximum difference was 10° (Figure 11). Among all, four (20%)

patients required re-reduction of the fracture because the difference (specifically, 10° to 20°) between the C-

arm TER angle and normal-side CT TER was >5°. There was no incidence of tibial malrotation >10°.
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FIGURE 11: Bilateral difference of rotation

Bilateral difference in tibial rotation between normal-side computed tomography (CT) tibial external rotation (TER)
and fractured-side CT TER.

Discussion

A strong Pearson's correlation coefficient between the C-arm TER and fracture-side CT TER suggested that
C-arm TER is effective for intraoperative measurements of fracture-side CT TER. The mean difference
between the two angle measurements was 2.3° (+1.7°). The Bland-Altman plot indicated that all patients
had measurements within the +5° limit of acceptance. We observed no cases of tibial malrotation >10°.
These results suggest that the C-arm method has potential as an assessment method to prevent tibial
malrotation >10°.

To the best of our knowledge, this study is the first to assess the accuracy of angle measurements made with
the C-arm. This method is useful for segmental and comminuted fractures, and it can measure the angle
using a protractor-attached C-arm without other specialized devices. The tibial posterior condylar axis view
is easily obtained by first recognizing the posterior aspect of the lateral tibial condyle with the fibular head
(Figure 6). The bimalleolar axis can be easily recognized by the cortical line of the lateral malleolar

and plafond articular edge (Figure 7).

The accuracy of this C-arm method was sufficient to estimate CT measurements and it could be attributed to
the lack of interference by joint laxity in the measurements and recognition of simple bony structures for the
axes. Previous studies using knee views had interference of the joint during the intraoperative evaluation
compared to the CT measurement (e.g., the posterior femoral condylar view and the posterior tibial condylar
line) [11,15]. Therefore, we recommend the C-arm method using the tibial posterior condylar views to
evaluate tibial rotation.

This C-arm method prevented tibial malrotation >10°. Previous studies have reported a high incidence of
tibial malrotation >10°, although they did not detail the methods used to prevent malrotation [1-5]. The lack
of detail suggests that conventional methods were implemented. One conventional method, using anterior-
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posterior (AP) knee and ankle mortise views, is often performed to prevent tibial malrotation by comparing
to the contralateral side [19]. This technique encompasses an increased risk for tibial malrotation in
transverse, segmental, and comminuted fracture patterns, and for injuries with an ipsilateral fibular fracture
[19]. Another method, assessing the cortical step sign and diameter difference sign, is also used frequently
and is effective for simple fractures [13,20]. However, it is less useful for segmental or comminuted fractures.
The high incidence of malrotation reported in previous studies could potentially be attributed to these two
conventional methods. Inci et al. measured tibial rotation with an external tibial rotation device usually
used during arthroplasty procedures [14]. They reported a mean difference of rotation between fractured and
normal tibia as 4.4°(+2.6°) for 21 patients and a 0% incidence of malrotation >10°. The accuracy and results
reported by them are comparable to those of the present study. However, this method requires a special
device for knee arthroplasty and skill for handling. Eckart et al. described a method using lateral knee and
ankle view [15]. They reported a 0% incidence of malrotation >10° in 10 patients of OTA classification 42C.
Their results are comparable to that of our study, but the method involves time-consuming fluoroscopic
imaging of the normal side and probable interference of knee laxity in the measurements.

Limitations

First, normal-side CT measurements may not be an accurate reference because of individual differences in
tibial rotation. The mean individual rotational difference between bilateral tibias of healthy subjects has
been reported as 5.3°#4.0° [18]. Therefore, we set the limit of acceptance for our Bland-Altman plot as +5°
between the C-arm TER and fractured-side CT TER. Second, only external rotation can be measured;
internal rotation cannot be measured while the C-arm rotates below the surgical table. However, internal
rotation of the tibia is very rare [18]. Third, preoperative CT of the normal tibia is required. Simultaneous CT
imaging of the normal tibia with fractured tibia does not incur additional time and cost in our insurance.
Fourth, this method is less suitable when using the infrapatellar approach because changing the knee
position would be necessary. Fifth, plateau fractures and syndesmotic injuries affect the

measurements because they could potentially change the measured axes. However, no such cases were
observed in this study. Sixth, the surgeon and evaluator were the same senior physicians, and we did not
evaluate intra- and inter-rater reliability. There was also no third-party evaluation involving multiple
centers. Ultimately, well-designed studies involving more patients, raters, fracture types, and operative
approaches are necessary to clarify the reliability of the C-arm method.

Conclusions

A simple and reliable method for evaluating tibial rotation during intramedullary nailing has not yet been
established. Consequently, malrotation of tibial fractures after intramedullary nailing remains unsolved. We
applied the same bony landmark axes to compare TER measurements using CT with the C-arm lateral axis
views. The intraoperative method of measuring TER using the C-arm lateral axis views showed good
accuracy compared to TER measured on CT. This C-arm method may be useful in efforts to prevent tibial
malrotation >10°.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Yo Kinami, Kazuo Fujiwara, Norio Yamamoto

Acquisition, analysis, or interpretation of data: Yo Kinami

Drafting of the manuscript: Yo Kinami

Critical review of the manuscript for important intellectual content: Kazuo Fujiwara, Norio Yamamoto

Supervision: Kazuo Fujiwara

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Research Ethics
Committee of Okayama City Hospital issued approval 3-147. Animal subjects: All authors have confirmed
that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the
ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

2023 Kinami et al. Cureus 15(10): e47091. DOI 10.7759/cureus.47091 8 of 9


javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

Cureus

Acknowledgements

We would like to thank Editage (www.editage.com) for English language editing.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Theriault B, Turgeon AF, Pelet S: Functional impact of tibial malrotation following intramedullary nailing
of tibial shaft fractures. ] Bone Joint Surg Am. 2012, 94:2033-9. 10.2106/]BJS.K.00859

Say F, Biilbiil M: Findings related to rotational malalignment in tibial fractures treated with reamed
intramedullary nailing. Arch Orthop Trauma Surg. 2014, 134:1381-6. 10.1007/s00402-014-2052-2

Puloski S, Romano C, Buckley R, Powell J: Rotational malalignment of the tibia following reamed
intramedullary nail fixation. ] Orthop Trauma. 2004, 18:397-402. 10.1097/00005131-200408000-00001
Jafarinejad AE, Bakhshi H, Haghnegahdar M, Ghomeishi N: Malrotation following reamed intramedullary
nailing of closed tibial fractures. Indian J Orthop. 2012, 46:312-6. 10.4103/0019-5413.96395

Cain ME, Hendrickx LA, Bleeker NJ, Lambers KT, Doornberg JN, Jaarsma RL: Prevalence of rotational
malalignment after intramedullary nailing of tibial shaft fractures: can we reliably use the contralateral
uninjured side as the reference standard?. ] Bone Joint Surg Am. 2020, 102:582-91. 10.2106/JBJS.19.00731
Svoboda SJ, McHale K, Belkoff SM, Cohen KS, Klemme WR: The effects of tibial malrotation on the
biomechanics of the tibiotalar joint. Foot Ankle Int. 2002, 23:102-6. 10.1177/107110070202300204

Werken C, Marti RK: Post-traumatic rotational deformity of the lower leg . Injury. 1983, 15:38-40.
10.1016/0020-1383(83)90160-2

Milner SA, Davis TR, Muir KR, Greenwood DC, Doherty M: Long-term outcome after tibial shaft fracture: is
malunion important?. ] Bone Joint Surg Am. 2002, 84:971-80. 10.2106/00004623-200206000-00011
Metcalfe CW, Harrison WD, Nayagam S, Narayan B: Negligence claims following non-union and malunion of
long bone fractures: an analysis of 15 years of data. Injury. 2016, 47:2312-4. 10.1016/j.injury.2016.07.017
Kahn KM, Beals RK: Malrotation after locked intramedullary tibial nailing: three case reports and review of
the literature. ] Trauma. 2002, 53:549-52. 10.1097/00005373-200209000-00025

Clementz BG: Assessment of tibial torsion and rotational deformity with a new fluoroscopic technique . Clin
Orthop. 1989, 245:199-209. 10.1097/00003086-198908000-00031

Shih YC, Chau MM, Arendt EA, Novacheck TF: Measuring lower extremity rotational alignment: a review of
methods and case studies of clinical applications. ] Bone Joint Surg Am. 2020, 102:343-56.
10.2106/JBJS.18.01115

Krettek C, Miclau T, Gruen O, Schandelmaier P, Tscherne H: Intraoperative control of axes, rotation and
length in femoral and tibial fractures. Injury. 1998, 29:29-39. 10.1016/50020-1383(98)95006-9

Inci F, Yildirim AO, Ciliz DS, Kocak C, Ceyhan E, Oken OF: Intraoperative rotation control in closed.
intramedullary nailing in tibia diaphyseal fractures: a prospective, randomized study. Acta Orthop Belg.
2018, 84:461-8.

Eckardt H, Morgenstern M, Cadosch D, Stoffel K: Flouroscopic control of tibial torsion after intramedullary
nailing: a technical trick. ] Orthop Trauma. 2021, 35:e507-10. 10.1097/BOT.0000000000002089

Eckhoff DG, Johnson KK: Three-dimensional computed tomography reconstruction of tibial torsion. Clin
Orthop Relat Res. 1994, 302:42-6. 10.1097/00003086-199405000-00008

Liodakis E, Doxastaki I, Chu K, Krettek C, Gaulke R, Citak M, Kenawey M: Reliability of the assessment of
lower limb torsion using computed tomography: analysis of five different techniques. Skeletal Radiol. 2012,
41:305-11. 10.1007/s00256-011-1185-4

Volkmar AJ, Stinner DJ, Pennings ], Mitchell PM: Prevalence of individual differences in tibial torsion: a CT-
based study. ] Am Acad Orthop Surg. 2022, 30:€199-203. 10.5435/JAAOS-D-21-00406

Khan SB, Mohib Y, Rashid RH: Rotational mal-alignment after reamed intramedullary nailing for tibial shaft
fracture. ] Pak Med Assoc. 2016, 66:106-8.

Keppler AM, Kiissner K, Suero EM, et al.: Intraoperative torsion control using the cortical step sign and
diameter difference in tibial mid-shaft fractures. Eur ] Trauma Emerg Surg. 2022, 48:3659-67.
10.1007/s00068-020-01566-z

2023 Kinami et al. Cureus 15(10): e47091. DOI 10.7759/cureus.47091

90f9


https://dx.doi.org/10.2106/JBJS.K.00859
https://dx.doi.org/10.2106/JBJS.K.00859
https://dx.doi.org/10.1007/s00402-014-2052-2
https://dx.doi.org/10.1007/s00402-014-2052-2
https://dx.doi.org/10.1097/00005131-200408000-00001
https://dx.doi.org/10.1097/00005131-200408000-00001
https://dx.doi.org/10.4103/0019-5413.96395
https://dx.doi.org/10.4103/0019-5413.96395
https://dx.doi.org/10.2106/JBJS.19.00731
https://dx.doi.org/10.2106/JBJS.19.00731
https://dx.doi.org/10.1177/107110070202300204
https://dx.doi.org/10.1177/107110070202300204
https://dx.doi.org/10.1016/0020-1383(83)90160-2
https://dx.doi.org/10.1016/0020-1383(83)90160-2
https://dx.doi.org/10.2106/00004623-200206000-00011
https://dx.doi.org/10.2106/00004623-200206000-00011
https://dx.doi.org/10.1016/j.injury.2016.07.017
https://dx.doi.org/10.1016/j.injury.2016.07.017
https://dx.doi.org/10.1097/00005373-200209000-00025
https://dx.doi.org/10.1097/00005373-200209000-00025
https://dx.doi.org/10.1097/00003086-198908000-00031
https://dx.doi.org/10.1097/00003086-198908000-00031
https://dx.doi.org/10.2106/JBJS.18.01115
https://dx.doi.org/10.2106/JBJS.18.01115
https://dx.doi.org/10.1016/s0020-1383(98)95006-9
https://dx.doi.org/10.1016/s0020-1383(98)95006-9
http://www.actaorthopaedica.be/assets/2814/11-Inci.pdf
https://dx.doi.org/10.1097/BOT.0000000000002089
https://dx.doi.org/10.1097/BOT.0000000000002089
https://dx.doi.org/10.1097/00003086-199405000-00008
https://dx.doi.org/10.1097/00003086-199405000-00008
https://dx.doi.org/10.1007/s00256-011-1185-4
https://dx.doi.org/10.1007/s00256-011-1185-4
https://dx.doi.org/10.5435/JAAOS-D-21-00406
https://dx.doi.org/10.5435/JAAOS-D-21-00406
http://ecommons.aku.edu./pakistan_fhs_mc_surg/96
https://dx.doi.org/10.1007/s00068-020-01566-z
https://dx.doi.org/10.1007/s00068-020-01566-z

	Intraoperative Measurement of Tibial Rotation With Lateral Axis Views Using C-arm for Tibial Fractures
	Abstract
	Introduction
	Technical Report
	Patients and study design
	Preoperative setting
	FIGURE 1: CT measurement of the angle
	FIGURE 2: Lateral axis views

	C-arm method for measuring tibia rotation and comparing bilateral tibia rotation
	FIGURE 3: Position of the leg
	FIGURE 4: Knee lateral view (tibial posterior condylar axis view)
	FIGURE 5: Ankle lateral view (bimalleolar axis view)
	FIGURE 6: Comparing fluoroscopic image of 5° difference of knee
	FIGURE 7: Comparing fluoroscopic image of 5° difference of ankle
	FIGURE 8: Flowchart of angle comparison and fixation

	Outcome
	Statistics analysis
	Results
	FIGURE 9: Histogram of angle measurements
	FIGURE 10: C-arm method versus CT measurement comparison
	FIGURE 11: Bilateral difference of rotation


	Discussion
	Limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


