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The mechanical axis of the lower limbs (Figure 1) is traditionally defined by an
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imaginary line drawn from the center of the femoral head to the center of the
ankle joint. We consider a mechanical axis to be neutral when this line crosses
the center of the knee joint, which is usually immediately medial to the tibial
spine. If this line is found medially to the center of the knee joint, we define the
mechanical axis as varus, while on the valgus mechanical axis this line is located
laterally to the center of the knee [1].

The alignment of the lower limb is an important indicator of load distribution
across the knee. Abnormalities in the mechanical axis of the lower limb are con-
sidered important factors in the progression of knee osteoarthritis [2].

Knee osteoarthritis is known to be characterized by a functional and structural
failure of synovial tissue, with erosion and loss of articular cartilage and sub-
chondral bone, in addition to degenerative meniscal changes. It usually results in
progressive knee deformity, with deviation of the mechanical axis of the lower
limb in varus or valgus [3].

Studies associate varus mechanical axis deviation with greater progression of
arthritis in the medial compartment of the knee, while valgus axis deviation is
associated with arthritis progression in the lateral compartment, the greater se-
verity of the axis deviation, the greater is the degree of functional loss. Surgeries
to correct limb alignment, such as total knee arthroplasty and tibial osteotomy
work by reducing deformity and the limitation caused by osteoarthritis. In order
to perform these procedures correctly, proper preoperative planning is essential,
through the measurement of altered anatomical parameters such as the mechan-

ical axis of the lower limb [4] [5].

Vertical axis

Mechanical axis
Anatomical axis

Joint Line

Figure 1. The mechanical axis of the lower limb is defined by a line drawn from the cen-
ter of the femoral head to the center of the ankle joint. We consider a mechanical axis to
be neutral when this line runs through the center of the knee joint, which is usually im-
mediately medial to the tibial spine.
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Total knee arthroplasty (TKA) is a highly complex orthopedic procedure and
is indicated for the treatment of patients with severe knee osteoarthritis. Its ob-
jective is pain relief, improvement of joint function and correction of knee de-
formities. The restoration of mechanical knee alignment is one of the main fac-
tors involved in the success of the surgical procedure and long-term survival of
the implants [6].

Panoramic radiography of the lower limbs is considered the gold standard test
for determining the mechanical axis of the lower limb, and the center of the fe-
moral head, knee and ankle can be seen in the same image. This method has al-
ready demonstrated good reproducibility of the mechanical axis during the
support phase of the gait cycle and good correlation when compared to the axis
measurements obtained by navigation. Some recent studies have questioned the
reliability of this method of evaluating the mechanical axis of the lower limb,
depending on the examiner’s experience [7] [8].

The aim of the present study is to evaluate the inter-observer and intra-observer
reliability of the measurement of the mechanical axis through panoramic radio-
graphy of the lower limbs in patients in the pre- and postoperative period of to-
tal knee arthroplasty by doctors of different educational levels.

2. Material and Methods

The study was submitted for evaluation and approval by the institution’s Re-
search Ethics Committee.

The sample consisted of 100 patients who underwent total knee arthroplasty
in 2015, chosen at random, and who had quality radiographs of pre- and post-
operative lower limbs scanned into the institution’s system, regardless of the age
or sex of the participants. The “n” in our study is based on previous studies sim-
ilar to ours. With this criterion, we determined a number of patients similar to
publications with the highest number of patients [9] [10] [11] [12]. No patient
was submitted to a new examination due to the present study. Patients who had
undergone surgical procedures prior to total knee arthroplasty to correct the
alignment of the evaluated limb, such as tibial or femoral osteotomy, were ex-
cluded.

Panoramic radiography of the lower limbs is performed with a patient in or-
thostasis, bipedal load, feet together and parallel, 90° radius centered at the knee
and collimation including hip and ankle. The radiography device used was the
Shimatzo, with a 50 KV and 40 mA technique. All radiographs taken are in digi-
tal format.

On the radiographs, the mechanical axis of the lower limb subjected to the
surgical procedure was evaluated, being considered by a line from the center of
the femoral head to the center of the knee and a second line following from the
center of the knee to the center of the talus.

The measurement of the mechanical axis was performed in a computer pro-
gram used by the institution (mDicom Viewer) (Figure 2). The lines of the me-

chanical axis of the lower limb were drawn manually by the evaluator using the
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Figure 2. Method of measuring the mechanical axis of the lower limb on panoramic ra-
diography using a computer program used at the Institute.

program’s own tool. From the drawn lines, the program indicates the angulation
of the measured mechanical axis. The angle of 0° was defined as a neutral me-
chanical axis, [13] while negative angles were defined as varus axes, and positive
angles were defined as valgus axes.

Each examiner evaluated a preoperative radiograph and a postoperative radi-
ograph of the 100 patients that comprised the sample, at two different times. The
second evaluation of the same radiographs occurred 3 months after the first
evaluation. The selected evaluators were a second-year resident in Orthopedics
and Traumatology, a student in the knee surgery training course, a knee surgeon
with less than 10 years of training and a knee surgeon with more than 10 years of
training. The evaluators were blinded, having no access to any data that could

identify the patients examined.

Statistical Analysis

The descriptive analysis presented the observed data in tables, expressed by the
mean, median, interquartile range (Q1 - Q3), minimum and maximum for the
measurement of the mechanical axis. The intra- and inter-observer agreement of
the measurement of the mechanical axis was analyzed by the intraclass correla-
tion coefficient (ICC) of a mixed two-way model and absolute agreement. The
criterion for determining significance was set at 1%. The statistical analysis was

processed using the statistical software SPSS version 20.0.
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3. Results

The sample consisted of 51% patients undergoing TKA on the left knee, and
49% undergoing TKA on the right knee. 67 patients were female and 33 male.
The mean age of the patients was 69.77 years old (min 35 - max 94). The average
value for the preoperative mechanical axis in the first evaluation of the sample
was (—7.48) for the 2nd year resident of Orthopedics and Traumatology, (—8.39)
for the student in knee surgery training course, (—6.58) for the knee surgeon
with more than 10 years of experience and (—8.69) for the knee surgeon with less
than 10 years of experience, reflecting a possible predominance of varus me-
chanical axes in the sample, in agreement with the known epidemiological dis-
tribution of the disease. The average value for the postoperative mechanical axis
in the first evaluation of the sample was (—2.17) for the 2nd year resident of Or-
thopedics and Traumatology, (-2.08) for the student in knee surgery training
course, (—1.96) for the knee surgeon with more than 10 years of experience and
(=2.77) for the knee surgeon with less than 10 years of experience, reflecting an
improvement in the mechanical alignment of the lower limb after TKA, howev-
er, some degree of varus deviation of the axis still persists.

The mean value for the preoperative mechanical axis in the second sample
evaluation was (—6.61) for the 2nd year resident of Orthopedics and Traumatol-
ogy, (=7.71) for the student in knee surgery training course, (—7.53) for the knee
surgeon with more than 10 years of experience and (—8.14) for the knee surgeon
with less than 10 years of experience, while for the postoperative mechanical axis
the values were (—2.20) for the 2nd year resident of Orthopedics and Trauma-
tology, (—1.72) for the student in knee surgery training course, (-2.36) for the
knee surgeon with over 10 years of experience and (—2.85) for the knee surgeon
with less than 10 years of experience, reproducing the epidemiological distribu-
tion found in the first assessment.

Table 1 provides the descriptive (mean, standard deviation, median, inter-
quartile range [Q1 - Q3], minimum and maximum) of the measurement of the
mechanical axis according to the observer, pre and postoperative and M1 and
M2 evaluation times (3 months after), in the total sample (n = 100).

The intra-observer analysis of the measurement of the mechanical axis was
evaluated by the intraclass correlation coefficient (ICC) of a mixed two-way
model and absolute agreement.

It is known that the closer the ICC is to one (1), the stronger (or perfect) the
agreement is, in this case, the measures are similar under the numerical (quan-
titative) aspect. On the other hand, the closer to zero (0), the greater the disa-
greement, that is, it means that they do not “reproduce” and the differences ob-
served are not by chance.

According to FLEISS [14], it can be said that:

ICC < 0.40—poor agreement

0.40 < ICC < 0.75—satisfactory to good agreement.

ICC = 0.75—excellent agreement.

DOI: 10.4236/0j0.2020.109024

225 Open Journal of Orthopedics


https://doi.org/10.4236/ojo.2020.109024

M. B. Matos et al.

Table 1. Complete description of the measurement of the mechanical axis in the total sample.

Observer

2nd year
resident doctor

stage of
improvement in
knee surgery

Surgeon > 10 years
of experience

Surgeon < 10 years
of experience

Moment of evaluation Moment n mean SD median IR minimum maximum
preoperative Ml 100 -7.48 14.38 -9.6 -17.0-1.0 —45.5 36
preoperative M2 100 —-6.61 14.84 -9.1 -17.2-2.7 -43.5 36.2
postoperative M1 100 -2.17 4.27 -2.5 -53-0.8 -14.3 9.2
postoperative M2 100 -2.20 4.38 -2.4 -5.1-0.1 -13.4 7.6
preoperative M1 100 -8.39 14.63 -10.8 -17.0-0.0 —45 38
preoperative M2 100 -7.71 14.90 -10.1 -17.3-2.7 —45 35
postoperative M1 100 —-2.08 3.94 -2.2 -4.9-0.0 -14.2 7.1
postoperative M2 100 -1.72 3.95 -1.6 -4.1-0.0 -13.6 7.9
preoperative Ml 100 —-6.58 14.67 -9.4 -16.9-2.9 -41.8 34,5
preoperative M2 100 -7.53 14.26 -10.4 -16.8 - 1.3 -42.1 36.9
postoperative Ml 100 -1.96 4.53 -1.9 -4.7-0.3 -14.3 8.8
postoperative M2 100 -2.36 4.74 -3.0 -5.6-12 -14.7 10.9
preoperative M1 100 -8.69 14.72 -11.0 -18.2--0.1 -50.6 36.1
preoperative M2 100 -8.14 14.95 -10.7 -18.1-2.0 -50.3 36
postoperative M1 100 -2.77 4.66 -2.7 -6.0-0.4 -13.9 8
postoperative M2 100 -2.85 4.51 -2.7 -6.1-0.3 -13.5 8.3

SD: Standard deviation. IR: interquartile range (Q1 - Q3).

Table 2 provides the intraclass correlation coefficient (ICC), its respective
95% confidence interval (95% CI) and descriptive level (p value) for the mea-
surements of the mechanical axis of each moment (M1 and M2) according to the
level training: 2nd year resident, for the student in knee surgery training course,
knee surgeon with more than 10 years of experience and knee surgeon with less
than 10 years of experience in the total sample (n = 100).

It can also be said that narrow confidence intervals (CI) express greater preci-
sion, on the other hand, wide intervals express low precision, that is, less reliable.
It is interesting to observe the lower limit of the 95% CI, as it expresses the low-
est expected value for the ICC, that is, the higher the lower limit the better the
quality of agreement.

Similarly, the inter-observer analysis of the measurement of the mechanical
axis was evaluated by the intraclass correlation coefficient (ICC) of a mixed
two-way model and absolute agreement. Table 3 and Table 4 provide the in-
traclass correlation coefficient (ICC), its respective 95% confidence interval (95%
CI) and the descriptive level (p value) for the measurement of the mechanical
axis in the pre and postoperative period. each moment (M1 and M2), for the to-
tal sample (n = 100).

It was observed that there is a highly significant intra-observer and inter-obser-
ver agreement (p < 0.0001) between the two moments (M1 and M2 - 3 months af-
ter M1), both preoperatively and postoperatively for the four evaluators. Although
highly significant, an inherent order in the degree of agreement is identified,
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Table 2. Analysis of intra observer agreement in the total sample (n = 100).

Observer ICC CI95% p value
Preoperative

2nd year resident doctor 0.92 0.88 - 0.94 <0.0001

stage of improvement in knee surgery 0.92 0.88 - 0.95 <0.0001

Surgeon > 10 years of experience 0.92 0.89-0.95 <0.0001

Surgeon < 10 years of experience 0.97 0.96 - 0.98 <0.0001
Postoperative

2nd year residente doctor 0.83 0.75-0.88 <0.0001

stage of improvement in knee surgery 0.95 0.93-0.97 <0.0001

Surgeon > 10 years of experience 0.86 0.79 - 0.90 <0.0001

Surgeon < 10 years of experience 0.97 0.95-0.98 <0.0001

ICC: Intraclass Correlation Coefficient for absolute agreement. CI 95%: 95% confidence interval for the
ICC. Note: Mixed two-way model.

Table 3. Pre-operative inter observer concordance analysis of the total sample (n = 100).

Observer 1 x Observer 2 ICC CI95% p value

Preoperative of M1

resident doctor x improvement in knee surgery 0.98 0.96 - 0.98 <0.0001
resident doctor x surg. > 10 years 0.92 0.88 - 0.94 <0.0001
resident doctor x surg. < 10 years 0.94 0.91 - 0.96 <0.0001
improvement in knee surgery x surg. > 10 years 0.90 0.85-0.94 <0.0001
improvement in knee surgery x surg. < 10 years 0.93 0.90 - 0.96 <0.0001
>10 years x < 10 years 0.87 0.80-0.91 <0.0001

Preoperative of M2

resident doctor x improvement in knee surgery 0.94 0.91 - 0.96 <0.0001
resident doctor x surg. > 10 years 0.92 0.88 - 0.94 <0.0001
resident doctor x surg. < 10 years 0.84 0.77 - 0.89 <0.0001
improvement in knee surgery x surg. > 10 years 0.90 0.85-0.93 <0.0001
improvement in knee surgery x surg. < 10 years 0.83 0.76 - 0.88 <0.0001
>10 years x < 10 years 0.90 0.86-0.93 <0.0001

ICC: Intraclass Correlation Coefficient for absolute agreement. CI 95%: 95% confidence interval for the
ICC. Note: Mixed two-way model.

Table 4. Postoperative inter observer concordance analysis of the total sample (n = 100).

Observer 1 x Observer 2 ICC CI 95% p value

Postoperative of M1

resident doctor x improvement in knee surgery 0.92 0.88 - 0.94 <0.0001
resident doctor x surg. > 10 years 0.81 0.73 - 0.87 <0.0001
resident doctor x surg. < 10 years 0.90 0.84 - 0.93 <0.0001
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Continued

improvement in knee surgery x surg. > 10 years 0.82 0.74 - 0.87 <0.0001
improvement in knee surgery x surg. < 10 years 0.88 0.81-0.92 <0.0001
>10 years X < 10 years 0.77 0.67 - 0.84 <0.0001

Postoperative of M2
resident doctor x improvement in knee surgery 0.76 0.67 - 0.83 <0.0001
resident doctor x surg. > 10 years 0.85 0.78 - 0.89 <0.0001
resident doctor x surg. < 10 years 0.74 0.63 - 0.82 <0.0001
improvement in knee surgery x surg. > 10 years 0.84 0.77 - 0.89 <0.0001
improvement in knee surgery x surg. < 10 years 0.77 0.63-0.85 <0.0001

>10 years X < 10 years 0.83 0.76 - 0.88 <0.0001

ICC: Intraclass Correlation Coefficient for absolute agreement. CI 95%: 95% confidence interval for the
ICC. Note: Mixed two-way model.

especially in the postoperative period, the best being the surgeon with more than
10 years of experience, followed by the student in knee surgery training course,
then the surgeon with less than 10 years of experience and finally the 2nd year

resident of Orthopedics and Traumatology.

4. Discussion

The importance of the correct clinical and radiographic evaluation in patients
with osteoarticular degenerative disease in the lower limbs, especially knee os-
teoarthritis, has long been debated for a long time, due to its close relationship
with image changes such as poor alignment and decreased joint space and pro-
gression disease. Numerous works in the literature have been approaching with
different approaches, but all have been systematic in the importance between the
radiographic correlation and the progression of the disease and, mainly, in ob-
taining standardized image studies with good reproducibility and confidence
[15] [16] [17].

Some studies have established a good relationship between poor alignment of
the limb and the progression of osteoarthritis [18]. However, it is still controver-
sial whether poor alignment predicts the incidence of this disease [10]. Our
study aims to define the reliability of the method of panoramic radiography of
lower limbs. However, we consider it essential to discuss studies that, based on
this method, obtained an accurate assessment of patients with osteoarticular
disease, thus calling the orthopedic class to rediscuss the importance of this ex-
am and revalidating it as a fundamental exam for assessing such patients.

Sharma et al. found in their study that varus increases the risk of progression
to medial osteoarthritis and valgus increases the risk of developing progression
of lateral osteoarthritis. In addition, poor alignment is a predictor of significant
functional loss and this effect can be seen in a short period of 48 months [2].

Brouwer et al. reported, through a study evaluating panoramic radiographs of

the lower limbs, a good correlation between poor alignment of the lower limb
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and progression of knee osteoarthritis [18]. Su Chan Lee et al questioned the
relationship between lateral compartment arthritis and knee valgus axis devia-
tion. As a conclusion, they presented that the varus axis deviation was found pa-
radoxically in one third of patients with advanced lateral arthritis. In addition,
they concluded that x-ray images taken in full extension underestimated the de-
gree of severity of osteoarthritis [10].

Hunter et al described the role of biomechanics and alignment in knee os-
teoarthritis and the implications for imaging studies. They concluded that poor
alignment in varus or valgus increases the risk of medial and lateral osteoarthri-
tis, respectively. Regarding the progression of the disease, they found that in the
presence of knee osteoarthritis, poor alignment is associated with an acceleration
of structural deterioration in the compartment subjected to abnormal load, with
a 4-fold increase in the progression of medial osteoarthritis in the varus and an
increase 2 to 5 times of progression of lateral osteoarthritis in the valgus [10].

Hanna et al. pointed out a significant disagreement between radiological di-
agnosis of osteoarthritis and knee pain. Some studies emphasize, because of this,
the need for other evaluation methods such as Magnetic Resonance Imaging
(MRI), a more specific method capable of identifying lesions such as bone mar-
row edema, subchondral bone defect, synovitis and effusion [16].

Katia Turcot ef al. studied not only changes in alignment on the axis, but also
their compensations in gait and concluded that such compensations are signifi-
cantly influenced by axis deviation. Patients with varus knees significantly in-
creased gait displacement in the sagittal and coronal plane compared to patients
with valgus knee [7].

These studies call attention to the importance of establishing good quality
image standards when performing panoramic radiography of the lower limbs, as
well as medical training to evaluate the images and obtain measures of good re-
liability. Our study resumes the discussion around the importance of panoramic
radiographic evaluation of the lower limbs, as it confirms the reliability and po-
tential of the method, in a study involving a Brazilian population.

Skytta et al. assessed the reliability of panoramic radiography of lower limbs in
determining alignment of lower limbs before and after total knee arthroplasty
(TKA) in a population in Finland. The authors found an excellent correlation
between the mechanical axis, the tibiofemoral angle and the alignment of the
femoral and tibial implants on two consecutive radiographs after TKA. There
was also an excellent interobserver and intraobserver correlation, facts that cor-
roborate the data found in our study [17].

Hinman et a/ demonstrated a good correlation between the mechanical and
anatomical axis in a patient with osteoarthritis of the medial knee using the pa-
noramic radiography of the lower limbs for both measurements. Our study fo-
cused on comparing the measurements of the mechanical axis at different times,
as we believe it is sufficient for validation of the method and comparison be-
tween observers. However, we agree that the evaluation of the anatomical axis

through panoramic radiography is also essential for preoperative evaluation and

DOI: 10.4236/0j0.2020.109024

229 Open Journal of Orthopedics


https://doi.org/10.4236/ojo.2020.109024

M. B. Matos et al.

planning [19].

Kraus et al evaluated the axis measurements on panoramic radiographs and
in Postero-anterior incidence with fixed knee flexion to determine knee align-
ment both mechanical and anatomical, in patients with osteoarthritis. The au-
thors reached a compensatory angle value for the mechanical axis from the ana-
tomical axis [20]. Issa ef al used panoramic radiographs of the lower limb with
knee in semi-flexion to obtain alignment measurements. In addition, they estab-
lished correlations between alignment and MRI findings [21].

Van de Pol ef al used panoramic radiography of the lower limbs to assess
planning and axis correction after high tibial osteotomy. The authors observed
that when aiming at a mechanical axis over the lateral tibial spine, a hypocorrec-
tion was obtained. However, due to a dynamic valgus displacement obtained
during the gait loading phase, a good clinical correction was observed (average
valgus 3°). The authors concluded that the planning and calculation of the
wedge in the preoperative period are essential and, even so, the planned wedge
does not always correspond to the wedge used during the intraoperative period
for correction. Our study did not evaluate patients in the pre- or postoperative
period of tibial osteotomy. In the future we plan to set up a cohort of patients
with different characteristics for evaluation through panoramic radiography,
such as patients in the postoperative period of tibial or femoral osteotomy, pa-
tients with fracture sequelae or patients with congenital deformities. However, it
is necessary to emphasize here the importance and validation of panoramic ra-
diography in deformity caused by different reasons and not only osteoarthritis
[11].

Gunther ef al. assessed the overlapping relationship of the proximal tibia and
fibula and determined knee rotation using panoramic radiography. The authors
discussed the importance of careful assessment of limb rotation during radio-
graphic studies, and through this work, they established a formula to determine
the rotation, in degrees, of the knee. Our study did not evaluate the rotation of
the limb on panoramic radiography and we consider this an important limita-
tion of the evaluation. Rotation of the limb is essential in the demarcation of
points for measuring the mechanical axis (center of the femoral head, center of
the tibial spines and center of the ankle) and small rotational deviations can in-
fluence the measurements obtained [22].

Van Raaij et al. studied the correlation between the measurement of the tibi-
ofemoral anatomical angle using simple radiography of the knee and the actual
measurement using panoramic radiography. The authors found a high inter-ob-
server correlation in determining the mid-diaphyseal line and a low correlation
between the tibiofemoral angle when comparing simple and panoramic radio-
graphs. In conclusion, they pointed out that simple radiographs of the knee cannot
replace the panoramic view when an accurate assessment of alignment measures
is required [23].

Another theme that has been emerging in the literature is the importance of
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validating image storage and processing systems. With the expansion of applied
technologies, it is necessary to establish good parameters of use so as not to lose
the accuracy of the desired measures. Some studies in the literature compared
the reliability of measurements in filing and communication systems (PACS)
and in printed images. Nowicki et a/ concluded that the two methods have good
reliability and that measures of deformity and discrepancy of limbs can also be
performed using the computerized system (PACS). Our study was limited to
computerized methods since in our institution there is no conventional printed
method [24].

Sled et al point to constant positioning errors in obtaining panoramic radio-
graphs with a load. The authors emphasize that accurate and reliable measure-
ments of the knee are often unavailable, and this is due to the variability of mea-
surement parameters and radiographic methods. For example, the positioning of
the foot, knee rotation and knee flexion can directly affect the measurements
found [25].

Babazadeh ef al. studied axis deviations by comparing panoramic radiography
of the lower limbs with computed tomography and computer-aided navigation.
They concluded that the lower limb view is an effective, low-invasive, inexpen-
sive method with less radiation for assessing deformity when compared to the
other methods evaluated. (PMI x TC) [26].

Bowman et al assessed the inter-observer and intra-observer reliability of the
mechanical axis measurement before and after TKA using panoramic radiogra-
phy in an Australian population. The authors used examiners with different le-
vels of training and found good correlation and strong reliability regardless of
the level of training of the observer [8].

In our view, radiography of the lower limbs can be used to measure the align-
ment of the mechanical axis with strong reliability between the different evalua-
tors, regardless of experience and degree of training. This information is impor-
tant for evaluating alignment measures during clinical practice, for assessing the
severity of the deformity, for preoperative planning and evaluation of postopera-
tive results. We believe that, over time, panoramic radiography has been neg-
lected in orthopedic daily life due to the mechanization of the evaluation processes

and the underestimation of the potential of their information.

5. Conclusion

Our study found highly significant intra-observer and inter-observer agreement
in determining the mechanical axis of the lower limb through panoramic radio-
graphy of the lower limbs in patients undergoing total knee arthroplasty, regard-

less of the evaluator’s experience.
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