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Abstract
Aim  To facilitate the posterolateral approach to the posterior malleolus patients are often positioned prone initially, then 
turned supine to complete fixation at the medial malleolus. We sought to define observed differences in the radiographic 
appearance of implants relative to the joint line, in prone and supine positions.
Methods  A 3.5 mm tubular plate and a 3.5 mm posterior distal tibial periarticular plate were applied sequentially to 3 indi-
vidual cadaveric legs, via a posterolateral approach. The tubular plate was positioned to simulate buttress fixation and the 
posterolateral plate placed more distally. Each limb was secured on a custom jig and radiographs were taken on a mobile 
c-arm fluoroscopy machine with a calibration ball. A series of prone AP, supine PA and mortise radiographs were taken. 
Prone radiographs were also taken in different degrees of caudal tilt to simulate knee flexion which occurs in practice, during 
intraoperative positioning. Plate tip-joint line distances were measured and Mann–Whitney U tests performed.
Results  There was no statistically significant difference in plate tip-joint line distance when comparing equivalent prone 
and supine views (PA/AP or mortise). However, significant differences in apparent implant position were noted with altera-
tions in caudal tilt. When taking a prone image, when the knee is flexed to 20 degrees, the plate tip will appear 6.5–8.5 mm 
more proximal than in the equivalent supine image where the knee is extended and the fluoroscopy beam is orthogonal to 
the anatomic axis of the tibia.
Conclusion  Observed differences in radiographic appearance of metalwork in the prone and supine position are most likely 
due to knee flexion and the resulting variation in the angle of the fluoroscopy beam, rather than projectional differences 
between supine and prone views. Surgeons should be alert to this when analysing intraoperative images.
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Introduction

The posterior malleolus of the distal tibia may be fractured 
in unstable ankle and pilon fractures; operative reduction and 
fixation is often indicated and this is commonly performed 
through a posterolateral approach which provides good 

access to the Volkmann fragment and any associated distal 
fibula fractures [1–3] – the leg may be positioned prone to 
optimise access. Once the fragment has been reduced and 
fixed, anteroposterior (AP), mortise and lateral radiographs 
are obtained to confirm plate position and fracture fixation. 
The complex fracture patterns seen in these injuries often 
require the leg to be repositioned supine to complete any 
necessary anterior or medial fixation, after which final pos-
teroanterior (PA), mortise and lateral views are obtained.

With the patient prone the limb is supported by a bolster 
or pillow, which leads to knee flexion [1–3] and results in a 
variable angulation of the tibia relative to the vertical fluor-
oscopy beam. When the patient is supine the heel typically 
lies flat on the operating table. Operating in this manner 
allows optimal access for fracture fixation but can lead to 
different appearances of implant positioning on radiographic 
views. Radiographic studies of fixations at the distal radius, 
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proximal humerus and medial malleolus have demonstrated 
that manipulating the angle and orientation of the image 
intensifier beam can dramatically change the surgeon’s 
assessment of implant position in relation to the joint line 
[4–7]. This study seeks to define the difference in apparent 
implant position between prone and supine limb positions 
during fixation of the posterior malleolus. No prior study 
in the English literature has described or investigated this.

Materials and Methods

Specimen Preparation

Three adult cadaveric lower extremity specimens (two male, 
left sided; one female, right sided) were used. Preliminary 
AP and lateral radiographs confirmed the absence of sig-
nificant bony deformity, previous fractures or other osseous 
pathology.

A standard posterolateral approach was performed by 
the authors [2]. The incision was extended proximally to 
ensure visibility of the metaphyseal–diaphyseal junction and 
distally to ensure visibility of the joint line and posterior 
malleolus.

Two plates were selected for fixation: (i) a 3.5 mm pre-
contoured posterior distal tibia periarticular plate (EVOS, 
Smith & Nephew, Watford, UK) and (ii) a 7-hole one-third 
tubular plate (EVOS, Smith & Nephew, Watford, UK). 
Plates were applied according to manufacturer’s instructions 
and fixed using 3.5 mm cortical screws. The posterolateral 
distal tibia plate was positioned in its natural resting posi-
tion, close to the joint line. The one-third tubular plate was 
contoured and positioned more proximally to imitate but-
tress mode fixation of a Volkmann fragment; the position 
was standardised across specimens such that the distal tip 
of the plate was level with the most posterior prominence of 
the posterior malleolus. All plates were positioned superior 
to the joint line, confirmed by direct visualisation and lat-
eral radiographs. Each cadaveric specimen had both plates 
applied sequentially.

After plate application each specimen was laid flat on 
the operating table and a spirit level was sutured overlying 
the tibial crest at a point where the bubble was central, such 
that the tibial crest was horizontal (Fig. 1a). The specimen 
was mounted onto a custom built positioning jig and held in 
place with external fixation pins, clamps and rods (Smith & 
Nephew, Watford, UK). The position was adjusted such that 
the spirit level bubble was again central (Fig. 1b).

Obtaining Radiographs

Imaging was taken using a mobile c-arm fluoroscopy 
machine (GE Healthcare, Chicago, IL, USA), with the image 

intensifier positioned above the X-ray tube throughout, with 
the exception of the lateral views. A 25.4-mm-diameter cali-
bration ball (OrthoMark, RolleSolutions Inc., Castro Valley, 
California, USA) was placed adjacent to the ankle, equidis-
tant from the c-arm detector, to enable calibrated measure-
ments to be taken.

A lateral image was taken to confirm appropriate plate 
positioning superior to the joint line. This was followed by 
supine PA and mortise views with the fluoroscopy beam 

Fig. 1   a Photograph of the spirit level sutured to the lower limb spec-
imen to control sagittal plane angulation of the specimen relative to 
the c-arm. b Photograph of the specimen mounted onto custom built 
jig, with calibration ball positioned adjacent to the medial malleolus
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vertical (0° caudal tilt), and a series of prone AP and mortise 
views with varying degrees of caudal tilt (0, 10, 15, 20°) to 
simulate the varying degrees of knee flexion that result from 
intraoperative limb positioning. The c-arm was manipulated 
with respect to the specimen as this was more practical and 
reproducible than the alternative method of tilting the speci-
men with respect to the c-arm.

A true mortise image was judged to be one in which 
the talar clear space medially, laterally and superiorly was 
equal, as agreed by the authors. As the standard radiographic 
method of taking a mortise view is to internally rotate the 
leg by 15° from the AP/PA position, a true AP/PA view was 
subsequently obtained by applying 15 degrees of right or left 
anterior oblique fluoroscopy beam angulation [8].

Image Analysis

Images were uploaded to TraumaCad (Brainlab AG, Munich, 
Germany) software and calibrated by specifying the diam-
eter of the calibration ball used. For each set of images the 
plate tip to joint line distance was measured independently 
in a standardised fashion by 3 observers (PP, ZL, PB).

For PA, AP and mortise views this was the shortest dis-
tance from the midpoint of the distal end of the plate to 
the joint line (Fig. 2a and b). Data were analysed in Micro-
soft Excel (Microsoft Corporation, Redmond, Washington, 
USA). Mann–Whitney U tests with significance set to a p 
value < 0.05 were performed for statistical analysis.

Results

10 plate-joint line distances were recorded by 3 independent 
observers for each of 6 plate–specimen combinations, giving 
a total of 180 measurements.

Posterior Distal Tibia Precontoured Plate

Effect of Supine vs Prone Positioning on AP/PA and Mortise 
Views

The plate tip appeared distal to the joint line on AP/PA and 
mortise views in both supine and prone positions with 0° 
caudal tilt, averaged across the 3 specimens (Fig. 3a). Prone 
positioning caused the plate tip to appear slightly more distal 
in comparison to the equivalent supine views, but this differ-
ence was not statistically significant.

On the AP/PA views, prone positioning caused the plate 
tip to appear an average of 1.0mm more distal compared to 
the equivalent supine views (difference = 1.1, 1.5, 0.3mm for 
specimens 1, 2, 3, respectively, p = 0.103).

On the mortise views, prone positioning caused the plate 
tip to appear an average of 2.3mm more distal compared to 

the equivalent supine views (difference = 5.0, 1.2, 0.7mm for 
specimens 1, 2, 3, respectively, p = 0.064).

Effect of Caudal Tilt on AP/PA Views

The plate tip appeared distal to the joint line on prone AP 
views with 0°, 10° and 15° caudal tilt at – 6.0 mm, – 2.0 mm 
and – 0.3 mm, respectively, averaged across specimens 
(Fig. 3b). The plate tip appeared proximal to the joint line at 
20°caudal tilt, at a distance of 1.8 mm. The change in appar-
ent plate tip position with each 5–10° increment to caudal 
tilt was statistically significant (0°–10° p < 0.001; 10°–15° 
p = 0.034; 15°–20° p = 0.014).

Beyond 10°, each additional 5° caudal tilt increased 
the plate-joint line distance by a mean of 1.9 mm (range 

Fig. 2   a and b Representative measurements on TraumaCad. The 
plate tip to joint line distance was calculated for both plates by draw-
ing a transverse line (green line) through the joint line which was 
visually estimated as the thickest point of the articular surface of the 
distal tibia. Plate tip position was estimated by drawing a line through 
the centre of the holes corresponding to the midline of the tubular 
plate (pink line). The shortest distance between the two lines (orange 
line) was then measured
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1.1–2.5 mm). The mean difference in the plate-joint line 
distance between the prone AP views with 0° vs 20° caudal 
tilt was 7.8 mm (range 7.4–8.5 mm).

Effect of Caudal Tilt on Mortise Views

The plate tip appeared distal to the joint line on prone 
mortise views with 0°, 10° and 15° caudal tilt at – 5.2 mm, 
– 1.7 mm and – 0.6 mm, respectively, averaged across 
specimens, and appeared an average of 1.7 mm proximal 
to the joint line at 20°caudal tilt (Fig. 3c). The change in 
apparent plate tip position with each increment to cau-
dal tilt was statistically significant between 0° and 10° 
p < 0.001; 15° and 20° = 0.004 but not between 10° and 
15° p = 0.10.

Beyond 10°, each additional 5° caudal tilt increased 
the plate-joint line distance by a mean of 1.7 mm (range 
0.7–2.8 mm). The difference in the plate-joint line distance 
between the prone AP views with 0° vs 20° caudal tilt was 
6.9 mm (range 6.5–7.3 mm).

One‑Third Tubular Plate

Effect of Supine vs Prone Positioning on AP/PA and Mortise 
Views

In all 3 specimens the plate tip appeared proximal to the 
joint line on AP/PA and mortise views in both supine and 
prone positions with 0° caudal tilt (Fig. 4a).

Prone positioning caused the plate tip to appear mini-
mally more distal in comparison to the equivalent supine 

Fig. 3   a Plate tip-joint line distances for the periarticular plate on AP/ 
PA and mortise views with 0° caudal tilt in supine and prone posi-
tions. b Plate tip-joint line distances for the periarticular plate on AP 
views in the prone position, showing the effect of increasing caudal 

tilt. c Plate tip-joint line distances for the periarticular plate on mor-
tise views in the prone position, showing the effect of increasing cau-
dal tilt
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views; however, the observed differences were not statis-
tically significant: on the PA/AP views, prone positioning 
caused the plate tip to appear more distal by an average of 
0.7mm compared to the equivalent PA supine views (differ-
ence = 0.7, 1.0, 0.4mm for specimens 1, 2, 3, respectively, 
p = 0.056). On the mortise views, prone positioning also 
caused the plate tip to appear minimally more distal by an 
average of 0.4mm compared to the equivalent supine views 
(difference = 0.2, 0.3, 0.7mm for specimens 1, 2, 3, respec-
tively, p = 0.268).

Effect of Caudal Tilt on AP/PA Views

The plate tip appeared proximal to the joint line on all 
prone AP views, measuring an average of 5.4 mm, 9.3 mm, 
10.6 mm and 12.2 mm at caudal angles of 0°, 10°, 15° and 
20°, respectively (Fig. 4b). The change in apparent plate 

tip position with each increment to caudal tilt was statis-
tically significant (0°–10° p < 0.001; 10°–15° p = 0.011; 
15°–20° = 0.014).

Beyond 10°, each additional 5° caudal tilt increased 
the plate-joint line distance by a mean of 1.4 mm (range 
1.1–1.8 mm). The difference in the plate tip-joint line dis-
tance between the prone AP views with 0° vs 20° caudal tilt 
was 6.8 mm (range 6.6–7.0 mm).

Effect of Caudal Tilt on Mortise Views

The plate tip appeared proximal to the joint line on prone AP 
views, measuring 5.8 mm, 9.6 mm, 11.1 mm and 12.7 mm 
at caudal tilts of 0°, 10°, 15° and 20°, respectively, aver-
aged across specimens (Fig.  4c). The change in appar-
ent plate tip position with each increment to caudal tilt 

Fig. 4   a Plate tip-joint line distances for the one-third tubular plate 
on AP/ PA and mortise views with 0° caudal tilt in supine and prone 
positions. b Plate tip-joint line distances for the one-third tubu-
lar plate on AP views in the prone position, showing the effect of 

increasing caudal tilt. c Plate tip-joint line distances for the one-third 
tubular plate on mortise views in the prone position, showing the 
effect of increasing caudal tilt
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was statistically significant (0°–10° p =  < 0.001; 10°–15° 
p = 0.017; 15°–20° = 0.012).

Beyond 10°, each additional 5° caudal tilt increased 
the plate-joint line distance by a mean of 1.5 mm (range 
1.2–1.7 mm). The difference in the plate-joint line distance 
between the prone AP views with 0° vs 20° caudal tilt was 
6.9 mm (range 6.5–7.1 mm).

Discussion

We have described the radiographic changes seen with 
alterations in limb positioning during posterior malleolus 
fixation – to our knowledge, this is this first study to inves-
tigate this phenomenon.

In all plates across all specimens, there was no statisti-
cally significant difference in plate tip-joint line distance 
when comparing equivalent prone and supine views (PA/
AP or mortise). However, significant differences in appar-
ent implant position were noted with alterations in caudal 
tilt. This suggests that observed clinical differences are 
most likely due to limb positioning with knee flexion and 
the resulting variation in the angle of the fluoroscopy beam 
relative to the distal tibial articular surface. When taking 
a prone image, when the knee is flexed to 20 degrees, the 
plate tip will appear 6.5–8.5 mm more proximal than in 
the equivalent image where the knee is extended and the 
fluoroscopy beam is orthogonal to the anatomic axis of 
the tibia.

Our results show that the issue of implants falsely 
appearing to be distal to the joint line did not arise with 
the more proximally positioned tubular plate, but did occur 
with the periarticular precontoured plate – likely because 
this implant is designed for more distal positioning. All 
periarticular plates were positioned under direct vision 
of the distal tibia articular surface, such that the tip was 
proximal to the distal margin of the posterior malleolus. 
However, 20° of caudal tilt was required before all plate 
tips appeared proximal to the joint line on AP/PA and mor-
tise views.

This has implications for surgeons undertaking poste-
rior malleolus fixation as they will need to carefully con-
sider both the limb and c-arm position when interpret-
ing images: surgeons should expect fixation constructs to 
appear relatively more superior during the initial phase 
of surgery, in which the limb is in prone position with 
the knee flexed and a bolster positioned beneath the limb, 
which confers a higher degree of caudal tilt. In the case 
of periarticular or very distally positioned plates, this dif-
ference may be sufficient to create the false appearance 
of intra-articular implants. This study may help surgeons 
understand and interpret their intraoperative radiographs 
during posterior malleolus fixation, and highlights the 

importance of the lateral view in combination with AP/
PA and mortise views in confirming satisfactory implant 
position.

This study is limited by small sample size; however, 
we have developed a robust methodology which may be 
replicated in future laboratory or clinical studies to vali-
date results. Resting alignment of the cadaveric limb on 
the custom jig was controlled using a spirit level – the 
authors acknowledge that this instrument may introduce a 
degree of subjectivity. We took further steps to limit error 
by standardising limb position and radiographic views and 
developed a standardised protocol for measurements which 
were taken independently by three observers.

Conclusion

Differences noted intraoperatively in the plate tip-joint line 
distance on prone vs supine AP/PA/mortise views are most 
likely due to knee flexion induced by a supporting bolster 
(simulated in this study by caudal tilt of the c-arm), and 
the surgeon should be alert to this. This effect should be 
investigated further in a clinical study to enhance surgeons’ 
abilities to analyse fixations of the posterior malleolus.

Author Contributions  All authors contributed to the study conception, 
design and material preparation. Data collection, analysis and first draft 
were done by PP, ZL, PB and RW. All authors commented on previ-
ous versions of the manuscript and have read and approved the final 
manuscript.

Funding  No funding was received to assist with the preparation of 
this manuscript. Materials and facilities to conduct this research was 
supported by Smith and Nephew.

Declarations 

Conflict of Interest  Preemal Patel, Zoe Little, Phillip Beak, Rachel 
Williams and Alex Trompeter have no competing interests to declare.

Ethical Approval  All procedures followed were in accordance with the 
ethical standards of the responsible committee on human experimenta-
tion (institutional and national) and with the Helsinki Declaration of 
1975, as revised in 2008.

Informed Consent  For this type of study informed consent is not 
required.

Open Access   This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 



256	 Indian Journal of Orthopaedics (2024) 58:250–256

permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Talbot, M., Steenblock, T. R., & Cole, P. A. (2005). Posterolateral 
approach for open reduction and internal fixation of trimalleolar 
ankle fractures. Canadian Journal of Surgery, 48(6), 487–490.

	 2.	 Tornetta, P., 3rd., Ricci, W., Nork, S., Collinge, C., & Steen, B. 
(2011). The posterolateral approach to the tibia for displaced pos-
terior malleolar injuries. Journal of Orthopaedic Trauma, 25(2), 
123–126.

	 3.	 Verhage, S. M., Boot, F., Schipper, I. B., & Hoogendoorn, J. M. 
(2016). Open reduction and internal fixation of posterior malleo-
lar fractures using the posterolateral approach. The Bone & Joint 
Journal, 98-B(6), 812–817.

	 4.	 Pace, A., & Cresswell, T. (2010). Use of articular wrist views 
to assess intra-articular screw penetration in surgical fixation 
of distal radius fractures. The Journal of Hand Surgery, 35(6), 
1015–1018.

	 5.	 Soong, M., Got, C., Katarincic, J., & Akelman, E. (2008). Fluoro-
scopic evaluation of intra-articular screw placement during locked 
volar plating of the distal radius: A cadaveric study. The Journal 
of Hand Surgery, 33(10), 1720–1723.

	 6.	 Kanchanatawan, W., Suppauksorn, S., Densiri-Aksorn, W., 
Kittithamvongs, P., & Pongpinyopap, W. (2017). Fluoroscopic 
technique for open reduction and internal fixation of proximal 
humeral fracture using the proximal humeral locking plate: Pro-
posal of “Plate” and “Screw” views. Arthroscopy Techniques, 
6(4), e1009–e1014.

	 7.	 Giordano, V., Gomes, A. F., Amaral, N. P., Albuquerque, R. P., & 
Pires, R. E. (2011). Preventing surgical complications: A survey 
on surgeons’ perception of intra-articular malleolar screw mis-
placement in a cadaveric study. Patient Safety in Surgery, 5, 24.

	 8.	 Carver, E., & Carver, B. (2006). Medical imaging: techniques, 
reflection and evaluation (1st ed.). Churchill Livingstone.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://creativecommons.org/licenses/by/4.0/

	The Effect of Prone and Supine Limb Positioning on the Radiographic Evaluation of Posterolateral Plate Fixation of the Posterior Malleolus
	Abstract
	Aim 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and Methods
	Specimen Preparation
	Obtaining Radiographs
	Image Analysis

	Results
	Posterior Distal Tibia Precontoured Plate
	Effect of Supine vs Prone Positioning on APPA and Mortise Views
	Effect of Caudal Tilt on APPA Views
	Effect of Caudal Tilt on Mortise Views

	One-Third Tubular Plate
	Effect of Supine vs Prone Positioning on APPA and Mortise Views
	Effect of Caudal Tilt on APPA Views
	Effect of Caudal Tilt on Mortise Views


	Discussion
	Conclusion
	References




