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Abstract
Background: Radiographic imaging is an important tool to assess osteoarthritis (OA). Lateral compartment
osteoarthritis (valgus OA) usually starts with cartilage degeneration along the posterior aspect of the lateral femoral
condyle. There is evidence that the posterior-anterior (PA)-flexed view is more sensitive when diagnosing early
stages of valgus OA compared to the anterior-posterior (AP) view. The current paper analyzes the value of the PAflexed view for patients scheduled for total knee arthroplasty (TKA).
Methods: Radiographs of 134 valgus knees were assessed prior to TKA. The minimal joint space width (minJSW)
was measured on AP and PA-flexed views. The extent of mechanical deformity was measured on hip to ankle
standing films.
Results: 49 (36.6%) AP views showed Kellgren and Lawrence (K/L)-grade 4 osteoarthritis in the lateral compartment, 82
(63.4%) showed grade 3 or less. The PA-flexed view resulted in an increased K/L-grading to grade 4 for 53 knees
(62.4%) that were considered grade 3 or less on standard AP-radiographs. There was a significant differences between
lateral minJSW on AP and PA-flexed view for patients with up to 10 degrees of mechanical valgus deformity (p < 0.001),
as well as 11 to 15 degrees of mechanical deformity (p = 0.021). Only knees with severe deformity of more than 15
degrees did not show a difference in minJSW between PA-flexed view and AP view (p = 0.345).
Conclusions: The PA-flexed view is superior to the standard AP view in quantifying the extent of valgus OA in patients
with zero to fifteen degrees of valgus deformity. It is recommended for the initial assessment of patients with valgus
osteoarthritis and better documents the extent of osteoarthritis prior to TKA.
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Background
Early stages of valgus osteoarthritis (OA) mainly effect
the posterior aspect of the lateral femoral condyle [1].
Weight-bearing anterior-to-posterior radiographs of the
fully-extended knee (AP view) are the most common
tool to diagnose OA of the knee. Widely accepted classifications for OA including the Kellgren and Lawrence
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(K/L) classification, the Ahlbaeck- and the osteoarthritis
society international (OARSI) classification, are based on
minimal joint space width (minJSW) and size of osteophytes on the AP view [2–4]. However, the AP view displays the distal aspect of the femoral condyle and may
therefore underestimate the severity of valgus OA. The
weight-bearing fixed-flexion posterior anterior radiographic imaging of the knee (PA-flexed view) is a supplemental radiographic image that focuses on the
cartilage loss over the posterior lateral femoral condyle
and has been documented to be more sensitive for the
diagnosis of early valgus OA [5]. However, it is unclear
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if the PA-flexed view is beneficial for more advanced valgus OA and patients with advanced valgus deformity
prior to total knee arthroplasty (TKA).
The current study investigates the following research questions: Is the PA-flexed view more accurate
for the (K/L) grading of valgus (OA)? Does the PAflexed view effect the minJSW measurements regardless of the grading of (OA) and extent of mechanical
deformity?

test. Comparison of means or medians was done with
the Wilcoxon signed rank test in case of dependent,
nonparametric values and with the paired t test for
dependent, parametric values, respectively. Level of significance was set at p < 0.05 and of high significance at
p < 0.01. Power calculation revealed a sample size of 58
knees for a power of 80% with G*Power, version 3.1.9.2.
Statistic calculations were performed with IBM SPSS®
version 25.0.0.0 (SPSS, Chicago, USA).

Methods
Between 2008 and 2013, the senior author performed
214 TKAs in 174 patients (171 women (138, 79.3%
knees), 43 men (36, 20.7% knees), 40 (18.7%) bilateral
TKAs (6 men (12 knees), 19 women (38 knees)). For
153 knees a complete set of (1) standard weight bearing AP, (2) PA-flexed-radiograph, (3) weight bearing
hip-to-ankle (HA) standing radiograph and (4) merchant view were available. The following patients were
excluded: (1) 2 (1.3%) patients with advanced OA
with knee subluxation, (2) 16 (7.5%) patients with
malrotation or malalignment of the AP or PA-flexed
view with an overlap of the anterior and posterior
edge of the tibial plateau of more than 3 mm as well
as (3) 1 patient (0.5%) with prior osteotomy realignment surgery. 134 (87.6%) TKAs in 100 patients (77
(77.0%) women (106 knees) and 23 (23,0%) men (28
knees)) were enrolled in the current study. The mean
age at time of surgery was 67.0 years (range: 40–89
years, SD 9.6). The mean BMI was 30.5 kg/m2 (range:
19.0–58.7 kg/m2, SD 7.2).

Results
The mean preoperative alignment of the enrolled 134
knees was 8.9 deg. of mechanical (range: 0.4–29.7 deg.,
SD 5.3) and 14.3 deg. of anatomical valgus deformity
(range: − 2.0–34.8 deg., SD 5.5) respectively. The K/Lscore on the AP view was grade 1 in none, grade 2 in 5
(3.7%), grade 3 in 80 (59.7%) and grade 4 in 49 (36.6%)
knees. The K/L-score on PA-flexed view was grade 1 in
none, grade 2 in 1 (0.7%), grade 3 in 31 (23.1%) and
grade 4 in 102 (76.1%) knees.
In 53 (62.4%) of 85 knees with mild to moderate OA
on AP-radiographs (K/L-score ≤ 3), the lateral femorotibial minJSW on the PA-flexed view (2.0 mm, SD 1.1) decreased highly significant (p < 0.001) compared to the
AP view (0.1 mm) and resulted in an increased K/Lscore of 4 (Fig. 1).
The mean medial minJSW was 5.5 mm (range: 0.0–
12.5 mm, SD 2.1) for the AP view and 4.8 mm (range:
0.0–1.1 mm, SD 2.0) for the PA-flexed view. The mean
lateral minJSW was 1.6 mm (range: 0.0–7.1 mm, SD 1.8)
for the AP and 0.6 mm (range: 0.0–6.1 mm, SD 1.3) for
the PA-flexed view.
In a subgroup of 68 (50.7%) knees with mild to moderate OA on the AP view (K/L-score ≤ 3) and a lateral
minJSW> 1 mm, 8 (11.8%) knees had a lateral minJSW
of less than 1 mm and 38 (55.9%) had “bone on bone”
OA in the lateral compartment on the PA-flexed view
(i.e. 0 mm lateral minJSW).
In a subgroup of 23 (17.2%) knees with mild to moderate OA in the AP view (K/L-score ≤ 3) and a lateral
minJSW> 3 mm, 10 (43.5%) knees showed “bone on
bone” OA in the lateral compartment and 12 knees
(52.2%) were classified as K/L 4 in the PA-flexed view.
When comparing knees with different extent of mechanical valgus deformity (< 5.0 deg., 5.0–9.9 deg., 10.0–
14.9 deg., ≥15.0 deg.), the difference between the lateral
minJSW on AP and PA-flexed view was highly significantly (p < 0.001) for knees with up to 10 deg. of deformity, and significantly different (p = 0.021) for knees with
10.0–14.9 deg. There was no difference for knee with
greater than 15 deg. deformity (p = 0.345) (Figs. 2, 3, 4).
In the medial compartment the minJSW was slightly
less (Δ 0.71 mm, p < 0.001) on the AP view (5.5 mm, SD
2.1) compared to PA-flexed view (4.8 mm, SD2.0), with

Radiographic protocol

Radiographic protocols and measurements were performed as described before [5]. In brief, standardized
AP-, PA-flexed-, merchant- and HA-radiographs were
available for each knee. Knees were grouped by the
extent of mechanical valgus deformity (< 5.0 deg., 5.0–
9.9 deg., 10.0–14.9 deg., ≥15.0 deg.) as previously described [6]. The minJSW was measured for the medial
and the lateral compartment in the AP- and PAflexed-radiographs with digital templating software
(Sectra AB, Linköping, Sweden) as previously described [5, 6]. The medial, lateral and patellofemoral
compartment were graded according to the K/L
classification system (2). Inter–observer reliability and
intra-observer correlation were 0.96–1.00 and 0.77–
0.95, respectively [5].
Statistical analysis

Variables were depicted as means and ranges. All variables were evaluated for normal distribution with either
the Kolmogorov-Smirnov or Shapiro-Wilk test. Means
were tested for homogeneity of variance with the Levene
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Fig. 1 Lateral minJSW in mm for the AP- and PA-flexed-radiographs in 134 valgus knees. 76.1% of the knee showed “bone on bone” joint space
narrowing on the PA-flexed view compared to only 36.6% on the AP view. The additional use of a PA-flexed view increased the OA grading level
in 53 of 85 knees (62.4%)

Fig. 2 Lateral minJSW in mm on AP- and PA-flexed-radiographs in relation to the degree of mechanical alignment. Knees were grouped by the
extent of mechanical valgus deformity (< 5.0 deg., 5.0–9.9 deg., 10.0–14.9 deg., ≥15.0 deg.). The most significant benefit for the PA-flexed view was
in patients with less mechanical deformity. Significance-levels are marked as “*” for p < 0.05 and “**” for p < 0.01
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Fig. 3 Difference in means between lateral minJSW on the AP and PA-flexed view for different groups of valgus deformity. There was a relevant and
highly significant difference of minJSW in knees with mild or moderate deformity. For knees with more than 10 deg. valgus deformity the difference
was significant but small (0.5 mm) or not significant at all (≥15 deg.). Significance-levels are marked as “*” for p < 0.05 and “**” for p < 0.01

comparable differences in subgroups of different severities of valgus deformity (Fig. 5).
The extent of mechanical deformity correlated moderately with the grade of clinical medial colleteral ligament
(MCL) -instability (rho = 0.49, p < 0.001), the degree of
lateral and medial minJSW on the AP view (rho = − 0.57,

p < 0.001; rho = 0.436, p < 0.001) and PA-flexed view
(rho = − 0.28, p = 0.002; 0.30, p < 0.001). The grade of
MCL-laxity correlated weakly with the medial minJSW
on the AP view (rho = 0.302, p = 0.001) but not on PAflexed view (rho = 0.170, p = 0.071). Correlation was
comparable for the lateral minJSW on AP view (rho =

Fig. 4 Lateral minJSW in AP and PA-flexed view for different severities of valgus deformity (< 5.0 deg., 5.0–9.9 deg., 10.0–14.9 deg., ≥15.0 deg.). The
grey field mark the section where minJSW is more than 2 mm less in PA-flexed view compared to the AP view. The numbers in the upper-left
display the percentages of knees in this grey field. Especially in knees with zero to ten degrees of valgus there is a substantial number of knees
(37.8% or 26.0%) that had more than 2 mm minJSW in AP view but showed “bone on bone” arthritis on the PA-flexed view (red circle)
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Fig. 5 Medial minJSW in mm for AP- and PA-flexed-radiographs for different groups of mechanical valgus deformity (< 5.0 deg., 5.0–9.9 deg.,
10.0–14.9 deg., ≥15.0 deg.). There was no significant difference in medial minJSW for different valgus deformities

0.32, p = 0.001) and on PA-flexed view (rho = − 0.21, p =
0.022).

Discussion
The current paper underlines the clinical benefit of
PA-flexed-radiographs for assessment of valgus OA of
the knee in patients with up to 15 deg. of mechanical
deformity. Before surgery the PA-flexed view shows
more significant joint space narrowing and K/L grading for knees with up to 15 deg. of mechanical valgus
alignment.
The extend of OA on radiographs is an important
criterion when indicating TKA [7]. Standard APradiographs have been an accepted diagnostic tool to
evaluate OA [2]. minJSW and size of osteophytes allow
for grading of the severity of osteoarthritis [2, 3]. In the
American insurance landscape, the guideline CGSURG-54 lists indication criteria for TKA [8]. It demands all of the following 4 criteria: (1) disabling pain;
(2) failed non-operative treatment over a 3 months
period; (3) limited knee function secondary to OA with
the disease interfering with the ability to carry out
age-appropriate activities of daily living and (4) radiographic evidence of significant joint destruction and
cartilage loss (“bone on bone” OA).
However, evaluation of cartilage damage using magnetic
resonance imaging (MRI) or computed tomography (CT)

as well as arthroscopic inspection questioned the reliability of two-dimensional radiographs to assess OA [9–12].
The PA-flexed view was suggested to be more sensitive,
especially for early onset valgus OA which is often located
on the more posterior aspect of the femoral condyle [13,
14]. A recent publication from our high volume institution
showed more significant joint space narrowing on the PAflexed view in 68% of knees with mild valgus OA and
similar accuracy compared to AP radiographs in varus OA
[5]. The current study suggests that the PA-flexed view is
beneficial for the assessment of valgus OA with up to 15
deg. of mechanical deformity. Only in knees with severe
deformities of 15 deg. or more AP and PA-flexed view
show comparable results (Fig. 3). The study therefore suggests that the PA-flexed view should be the preferred imaging technique in all patients with valgus OA.
AP view lack radiologic evidence of OA in patients
with a more regional cartilage loss. Ultimately, this may
delay surgical treatment and leave patients with failed
non-operative treatment unsatisfied and underserved.
The PA-flexed view is performed in about 30 deg. of
flexion of the knee [15]. This is the classic position to
evaluate medial laxity in valgus OA [16]. As the PA-flexed
view is a weight-bearing technique, there could be a possible utilization as a valgus stress view to detect the laxity
of the MCL in valgus knees [17]. However, in our series,
minJSW measurements for the medial compartment
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showed no differences between AP and PA-flexed view
(p < 0.001) (Fig. 5). There is no correlation of the medial
joint space width and the clinically extent of MCL laxity.
One reasonable explanation might be that, when performing the PA-flexed view, the patient is advised to lean his
tights against the film. This may stabilize the leg along the
transversal axis and neutralize the valgus stress to the knee
joint. It seems that the PA-flexed view has no benefit over
the AP view in the assessment of MCL laxity.
The current study has the following limitations: (1)
minJSW was measured manually in digital radiographs.
Manual measurements are slightly less accurate (SD 0.1
mm to 0.2 mm) [6, 18, 19] and reproducible [20] compared to automatic measurements. However, automatic
measurements are not readily available in practice and
manual measurement of the minJSW are more commonly used [14, 18]. (2) Mal-rotation or skewed images
can affect the accuracy of the measurement and alignment of the x-ray beam with the tibia plateau has an impact on apparent minJSW [21]. Overlapping of the
anterior and posterior boarder of the medial tibia plateau also affects minJSW (1.0 mm overlap can lead to 1.0
mm error in minJSW), especially in the medial compartment [22]. As a baseline, Vignon and Brandt et al. suggested an inter-margin-distance of up to 1.5 mm as
evidence of satisfactory parallel alignment [23]. Using
fluoroscopy to avoid malalignment, as described by
Buckland-Wright and Macfarlane et al. [6], did not provide better results [18]. With its convex configuration,
we believe the lateral minJSW is less affected by overlapped radiographs. In our series, we excluded patients
with an inter-margin distance of more than 3.0 mm as
well as mal-rotated radiographs. (3) This paper specifically investigated OA in knees with valgus deformity. Its
conclusions do not apply to knees with neutral or varus
mechanical alignment.

Conclusions
The current paper suggests that the PA-flexed view is
superior to the standard AP view in quantifying the extent of joint space narrowing in valgus OA in patients
with zero to fifteen deg. of mechanical deformity. The
PA-flexed view appears to be beneficial during the initial
and pre-surgical imaging since it better shows the true
extent of degenerative cartilage loss.
Abbreviations
AP view: Weight-bearing anterior-to-posterior radiographs of the fullyextended knee; AP: Anterior-posterior; CT: Computed tomography; HA: Hipto-ankle; ICC: Intraclass correlation coefficient; IRB: Institutional review board;
K/L: Kellgren and Lawrence; MCL: Medial collateral ligament;
minJSW: Minimal joint space width; MRI: Magnetic resonance imaging;
OA: Osteoarthritis; OARSI: Osteoarthritis society international; PA-flexed
view: Weight-bearing fixed-flexion posterior anterior radiographic imaging of
the knee; PA: Posterior-anterior; TKA: Total knee arthroplasty

Page 6 of 7

Acknowledgements
Special thanks to the Max Kade Clinical Clerkship of the American Austrian
Foundation for their support of one of the authors.
Ethical approval and consent to participate
The study received IRB approval by the institutional review board at the
Hospital for Special Surgery, New York, NY, USA (IRB number: 2017–0418).
Written informed consent was obtained from all individual participants
included in the study.
Authors’ contributions
KR was responsible for the design and coordination of this study and wrote
the manuscript. MF contributed to the study design and demographic data
collection. AR and UB were responsible for the acquisition of data,
interpretation of data and performed the statistical analysis. PKS supervised
the project and helped to draft the manuscript. SB revised the manuscript
and helped to draft the manuscript. FB revised the manuscript and gave his
final approval for publication. All authors read and approved the final
manuscript.
Funding
No funding was recieved.
Availability of data and materials
All data can be requested at k-rueckl.klh@uni-wuerzburg.de.
Consent for publication
Not applicable.
Competing interests
Author FB has received royalties by Smith and Nephew and
Orthodevelopment and compensation by Smith and Nephew,
Orthodevelopment and DePuy. Author PKS has received payment as a
consultant of interest of Lima. All other authors declare that they have no
conflict of interest.
Author details
Hospital for Special Surgery, 535 East 70th Street, New York, NY 10021, USA.
Department for Orthopedic Surgery, Koenig-Ludwig-Haus, University of
Wuerzburg, Brettreichstrasse 11, 97074 Wuerzburg, Germany. 3Department
for Orthopedic Surgery, University of Ulm, Oberer Eselsberg 45, D-89081 Ulm,
Germany.
1
2

Received: 28 September 2018 Accepted: 18 December 2019

References
1. Michael Johnson J, Mahfouz MR. Cartilage loss patterns within femorotibial
contact regions during deep knee bend. J Biomech. 2016;49(9):1794–801.
2. Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann
Rheum Dis. 1957;16(4):494–502.
3. Altman RD, Gold GE. Atlas of individual radiographic features in
osteoarthritis, revised. Osteoarthritis Cartilage. 2007;15(Suppl A):A1–56.
4. Ahlback S. Osteoarthrosis of the knee. A radiographic investigation. Acta
Radiologica. 1968;(Suppl 277):277–2.
5. Rueckl K, Boettner F, Maza N, Runer A, Bechler U, Sculco P. The posterioranterior flexed view is better than the anterior-posterior view for assessing
osteoarthritis of the knee. Skelet Radiol. 2017.
6. Buckland-Wright JC, Macfarlane DG, Williams SA, Ward RJ. Accuracy and
precision of joint space width measurements in standard and
macroradiographs of osteoarthritic knees. Ann Rheum Dis. 1995;54(11):872–80.
7. Mancuso CA, Ranawat CS, Esdaile JM, Johanson NA, Charlson ME.
Indications for total hip and total knee arthroplasties. Results of orthopaedic
surveys. J Arthroplast. 1996;11(1):34–46.
8. UniCare: UniCare. Clinical UM Guideline #: CG-SURG-54. 2017. https://www.
unicare.com/medicalpolicies/guidelines/gl_pw_c187157.htm . Accesed 7
Oct 2017.
9. Guermazi A, Niu J, Hayashi D, Roemer FW, Englund M, Neogi T, Aliabadi P,
McLennan CE, Felson DT. Prevalence of abnormalities in knees detected by
MRI in adults without knee osteoarthritis: population based observational
study (Framingham Osteoarthritis Study). BMJ (Clin Res Ed). 2012;345:e5339.

Rueckl et al. BMC Musculoskeletal Disorders

(2019) 20:636

10. Cicuttini F, Hankin J, Jones G, Wluka A. Comparison of conventional
standing knee radiographs and magnetic resonance imaging in assessing
progression of tibiofemoral joint osteoarthritis. Osteoarthritis Cartilage. 2005;
13(8):722–7.
11. Kijowski R, Blankenbaker DG, Stanton PT, Fine JP, Smet AAD. Radiographic
findings of osteoarthritis versus arthroscopic findings of articular cartilage
degeneration in the Tibiofemoral joint. Radiol. 2006;239(3):818–24.
12. Kijowski R, Blankenbaker D, Stanton P, Fine J, De Smet A. Arthroscopic
validation of radiographic grading scales of osteoarthritis of the tibiofemoral
joint. AJR Am J Roentgenol. 2006;187(3):794–9.
13. Messieh SS, Fowler PJ, Munro T. Anteroposterior radiographs of the
osteoarthritic knee. J Bone Joint Surg Br Vol. 1990;72(4):639–40.
14. Hellio Le Graverand MP, Mazzuca S, Duryea J, Brett A. Radiographic-based
grading methods and radiographic measurement of joint space width in
osteoarthritis. Radiol Clin N Am. 2009;47(4):567–79.
15. Piperno M, Hellio Le Graverand MP, Conrozier T, Bochu M, Mathieu P,
Vignon E. Quantitative evaluation of joint space width in femorotibial
osteoarthritis: comparison of three radiographic views. Osteoarthritis
Cartilage. 1998;6(4):252–9.
16. Fetto JF, Marshall JL. Medial collateral ligament injuries of the knee: a
rationale for treatment. Clin Orthop Relat Res. 1978;132:206–18.
17. Eriksson K, Sadr-Azodi O, Singh C, Osti L, Bartlett J. Stress radiography for
osteoarthritis of the knee: a new technique. Knee Surg Sports Traumatol
Arthrosc. 2010;18(10):1356–9.
18. Peterfy C, Li J, Zaim S, Duryea J, Lynch J, Miaux Y, Yu W, Genant HK.
Comparison of fixed-flexion positioning with fluoroscopic semi-flexed
positioning for quantifying radiographic joint-space width in the knee: testretest reproducibility. Skelet Radiol. 2003;32(3):128–32.
19. Botha-Scheepers S, Kloppenburg M, Kroon HM, Hellio Le Graverand MP,
Breedveld FC, Ravaud P, Dougados M. fixed-flexion knee radiography: the
sensitivity to detect knee joint space narrowing in osteoarthritis.
Osteoarthritis Cartilage. 2007;15(3):350–3.
20. Neumann G, Hunter D, Nevitt M, Chibnik LB, Kwoh K, Chen H, Harris T,
Satterfield S, Duryea J. Location specific radiographic joint space width for
osteoarthritis progression. Osteoarthritis cartilage. 2009;17(6):761–5.
21. Hellio Le Graverand MP, Mazzuca S, Duryea J, Brett A. Radiographic grading
and measurement of joint space width in osteoarthritis. Rheum Dis Clin N
Am. 2009;35(3):485–502.
22. Segal NA, Frick E, Duryea J, Nevitt MC, Niu J, Torner JC, Felson DT, Anderson
DD. Comparison of tibiofemoral joint space width measurements from
standing CT and fixed flexion radiography. J Orthop Res. 2016.
23. Vignon E, Brandt KD, Mercier C, Hochberg M, Hunter D, Mazzuca S, Powell
K, Wyman B, Le Graverand MP. Alignment of the medial tibial plateau
affects the rate of joint space narrowing in the osteoarthritic knee.
Osteoarthritis Cartilage. 2010;18(11):1436–40.

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

Page 7 of 7

