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Abstract

Total knee replacement is an effective treatment for knee arthritis. While the majority of Total Knee
Arthroplasties (TKAs) have proved promising long-term results, however, up to 25% of patients remain
dissatisfied with the outcome of surgery at 1 year. A lack of connection between surgeons and patients
in evaluating the outcome of (TKA) has led to the development of a Patient-Reported Outcome Measures
(PROM) to evaluate these procedures. Implant malalignment has been involved as a contributing factor
to less successful outcomes. In this review we tried to explain the evolution of the PROM concept and its
different types and explaining the relationship between limb and component malalignment and PROM.
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Introduction

Although primary Total Knee Arthroplasty (TKA) is one of the most frequently performed
orthopaedic procedures with an excellent results and survival reaching 95% at 10 years as
reported by mostregistries [1], its value is being subjected to increased inquiry, due both to the
cost of the procedure to the healthcare system, and to frequent reports suggesting alarming
rates of patient dissatisfaction with the outcome of this procedure [2-4]. So, increasing pressure
is being placed on healthcare providers to demonstrate the benefits and cost-effectiveness of
TKA in an objective manner [5,6]. 10% to 25% of patients are dissatisfied with the outcome of
knee replacement at one to three years after surgery, mainly due to the presence of residual
symptoms and the failure of the procedure to meet the patient’s pre-operative expectations
[7,8]. The outcomes of TKA have been traditionally evaluated by surgeons using invalidated
scoring systems in which the patient was asked about their level of pain and return to specific
activities, followed by the surgeon objectively measuring range of motion and joint stability
[9]. This had led to the disturbing finding is the difference in perception of patients and their
surgeons regarding the success of the procedure, with the view of surgeons often being more
optimistic [10]. This has provoked a recent trend to quantify the success of this procedure
using Patient-Reported Outcome Measures (PROMS) [7,8,11].

What is a Patient Reported Outcome Measures (PROMs)?

Defined by the US Food and Drug Administration as “any report of the status of a patient’s
health condition that comes directly from the patient [or in some cases a caregiver or
surrogate], without interpretation of the patient’s response by a clinician or anyone else” [12].

What are the types of PROMs?

It can be divided into either Generic or specific patient-reported outcome measures which
can be distinguished by different levels of focus:

A.  Generic or General health instruments are designed to provide a measure of general
health for any health state, regardless of the presence or absence of illness, disability, or
specific symptoms [13].
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The most popular and well-validated general health PROMs
include the Short Form 36 (SF-36) and the shorter 12-item (SF-
12). Both surveys include measures of physical and mental
health as assessed through a number of scales. SF-36 consists of
36 items and was designed for use in clinical practice, research,
health policy, and population surveys. According to the creators, it
“assesses eight health concepts: (1) limitations in physical activities
because of health problems; (2) limitations in social activities
because of physical or emotional problems; (3) limitations in
usual role activities because of health problems; (4) body pain; (5)
general mental health (psychological distress and well-being); (6)
limitations in usual role activities because of emotional problems;
(7) vitality (energy and fatigue); and (8) general health perceptions.”
The survey can be self-administered by patients or administered
over the phone by a trained interviewer. Administration of the 36
item questionnaires take about 5-10 minutes, but to decrease the
time burden further, a shorter SF-12 was developed and validated
[14,15].

B.  Specific PROMs focus on specific symptoms, diseases,
organs, body regions, or body functions. The specific PROMs may
also be specifically designed to measure the effect of a specific
intervention or treatment [13].

One of the oldest and most commonly used joint-specific PROM
is the Knee Society Score (KSS) [16], but it is partially surgeon-
derived, as the KSS combines an assessment of the knee itself (part
1) and the patient function (part 2). Part 1 includes 7 items to be
assessed by the surgeon, whereas part 2 includes 3 items to be
answered by the patient. The Knee Society questionnaire included
items on functional ability, such as walking distance, stair climbing
ability, and use of walking aids. The physical examination included
assessments of the range of motion, stability, alignment, and muscle
power of the knee. These data were used to calculate a Knee Society
score, which consists of two scores, a knee score, and a function
score, ranging from 0 to 100 points (with 100 points being the best
score). The function score allocates points for walking distance and
stair-climbing ability and makes deductions for the use of a walking
aid; 100 represents unlimited walking distance and normal stair-
climbing without the use of an aid. Fifty of the 100 points in the
knee score reflect pain assessment (A score of 50 points represents
no pain). The other 50 points reflect the clinical assessment of a
range of motion, stability, alignment, and muscle power; 50 points
represents at least 0° to 125° of knee flexion with no active lag, no
instability, and normal alignment [17].

Wholly patient-derived instruments relevant to knee joint
arthroplasty include the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) [18] Oxford Knee Score, Knee Injury
and Osteoarthritis Outcome Score (KOOS), KOOS-joint replacement
(KOOS-JR) [13,15].

The Oxford Knee Score (OKS) [19,20],is a 12-item questionnaire
designed to assess the impact of total knee replacement on patient
pain and activity limitation. It contains questions about the level
of knee pain that the patient experiences at night, during washing,
drying and during use of public transport, walking time duration,

the presence of limping, instability, walking down a flight of
stairs. The OKS contains 12 questions, each with five categories
of response. Each item is scored from 1 to 5, from least to most
difficulty or severity, and combined to produce a single score with a
range from 12 (least difficulties) to 60 (most difficulties) [21].

The Knee Injury and Osteoarthritis Outcome Score (KOOS)
[22] was developed with the goal of creating a tool to differentiate
between effective and ineffective knee treatments. The KOOS
survey includes five domains of health as follows: pain, symptoms,
activities of daily living, sport and recreation function, and knee-
related quality of life. The validated KOOS survey has been used in
many research studies and provides a good picture of the patient’s
health across five dimensions. However, the survey consists of 42
items and is difficult to administer in a clinical setting because of
the length of time required to complete the survey. The long length
of the survey also leads to a greater possibility of missed or skipped
items. So, the (KOOS-JR) was created through the identification of
the items that are most relevant to the recovery of patients with
TKA (page.). It consists of seven items from the pain and function
domains of knee health, making it much shorter than the original
KOOS [14].

Among all four specific PROMS, the KOOS uniquely accounted
for ADLs related to sports and recreation. Furthermore, it was the
only PROM that asked quality of life items. It is to be noted that the
only alternate form of the four PROMS that was inherently distinct
and not simply a cross-cultural translation of the original was the
KSS which included both patient-reported, and surgeon reported,
components [23].

General health and joint-specific Patient-Reported Outcome
Measures (PROMs) should be used together to obtain a more
complete picture of a patient’s condition. The real value of PROMs,
may be in helping clinicians, guide patients’ treatment choices and
manage expectations, thus improving the like hood of a suitable
result of treatment, while physical examination and imaging are
vital in making the diagnosis, PROMs assist the clinician in the
frequently repeated phrase, “treat the patient, not the disease.
Having a complete picture of the patients’ functional limitations,
pain levels, mental health state, and expectations from their
treatment can help surgeons make appropriate decisions about
recommending TKA to those patients most likely to benefit from the
surgery. The information collected by PROMs can inform treatment
decisions and facilitate communication between surgeons and
patients with the potential for improving postoperative outcomes
[14].

A systematic review by Ramkumar et al. [23] confirms that no
single instrument exists to measure the outcome of this procedure.
An optimal PROM would encompass all aspects of outcome valued
by each patient and perceived as important by the healthcare
provider. The instrument would broadly measure a wide range
of patient demographics and expectations. However, the ideal
instrument should also be specific enough to minimize the impact
of comorbidities affecting the general health of the patient in
distinction to the function of the knee itself.
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What is an optimum alignment for TKA?

Perfect individual component alignment in three planes
should be aimed at with a neutrally aligned limb and mechanical
alignment of 180°+3° and no tibiofemoral rotational mismatch
[24-26]. This can reduce both the mechanical stress placed on the
bearing surfaces and the shear stress on the bone/prosthesis or
bone/cement/prosthesis interfaces. Perfect alignment also helps
to balance the forces transmitted to the soft-tissue envelope, which
is crucial for proper function of the joint [27].

Mechanical alignment

The mechanical axis of the limb in the coronal plane (measured
as the angle between one line drawn from the centre of the femoral
head to the deepest part of the femoral notch at the knee, with a
second line drawn from the midpoint of the tibial plateau to the
midpoint of the inner extension of the tibiotalar joint) and its effect
on function and survival had been reported more than any other
alignment parameter [28,29]. The apparent benefits of achieving a
neutral mechanical axis (angle of 0°) of the lower limb during TKR
surgery has encouraged surgeons and manufacturers to invest time
and resources into achieving this alignment target [30].

Gromov et al. [31], investigated whether the literature supports
definitions of optimal alignment following primary TKA surgery
and The following parameters were investigated separately: (1)
mechanical tibiofemoral alignment in the AP plane; (2) tibial
and femoral component placement in the AP plane; (3) tibial
and femoral component placement in the sagittal plane; and (4)
rotational alignment of tibial and femoral components. Although an
acceptable target for alignment remains a matter for debate, most
surgeons agree that the postoperative limb alignment should be
corrected within 0°+3° of the mechanical axis [32,33].

Overall alignment has not only been linked to revision rates,
but also to functional outcome as shown in a study of 115 patients
by Choong et al. [34], who reported superior International Knee
Society (KSS) and Short-Form 12 (SF12) scores in knees aligned
within +3° of neutral mechanical axis. Similar results were reported
by Morgan et al. [35] in 197 patients with a mean follow-up of 9
years. They found similar revision rates in TKAs with neutral
postoperative TFA (4-9° valgus) and TKAs with either varus or
valgus malalignment.

Magnussen et al. [36] reported medium-term survival and KSS
scores for patients with residual postoperative varus alignment
(HKA > 3°, varus) following TKA compared to patients with neutral
postoperative alignment (HKA 0°+3°).

In conclusion, there have been differing reports on the
importance of overall alignhment on survival and functional outcome
after primary TKA. As some studies used hip-knee-ankle axis (HKA)
for evaluation of alignment and others used tibiofemoral axis (TFA),
a direct comparison is difficult. However, neutral coronal alignment
should be aimed for until there is conclusive evidence to suggest
otherwise.

Kinematic alignment

Kinematic alignment was newly introduced as an alternative to
conventional mechanical alignment techniques [37,38]. In contrast
to mechanical alignment, in kinematically aligned TKA the femoral
and tibial components are positioned so that the angles and the
levels of the distal and posterior femoral joint line and the tibial
joint line are each restored to the patient’s natural alignment [37],
which is not necessarily mechanically neutral [39].

The study by Dosset etal. [40], while showing improved patient-
reported functional outcome in TKA performed with kinematic
alignment as compared to mechanically aligned TKA, only had a
6-month follow-up, making conclusions about long term outcome
and survival challenging. It is entirely possible that a kinematically
aligned, but mechanically mal-aligned implanted prosthesis could
recreate a patient’s preoperative kinematics [41]. Howell et al.
[42] concluded that kinematic aligned knee replacement did not
adversely affect implant survival or function as it restores the
constitutional alignment of the limb and joint line, subsequently
avoiding collateral ligament imbalances [42]. This would create
a group of patients that maybe considered mechanically “mal-
aligned”, but had good PROMs scores based on their individual
alignment [41].

More studies are therefore needed to study whether kinematic
alignment can produce better survivorship and functional outcome
following primary TKA.

Does malalignment affect PROMS?

It is suggested that the evidence of poor outcomes secondary to
malalignment is largely historic based on studies of inferior implant
designs, and the use of poor radiological techniques when assessing
malalignment, also the choice of target for ideal alignment has been
challenged by proponents of kinematically aligned TKA who have
reported promising results [33,37,43,44]. Implant malalignment
following primary TKA has been reported to be the primary reason
for revision in 7% of revised TKAs [45], and it has been linked to
both decreased implant survival [46], and inferior patient-reported
outcomes [34,47]. Surgeon-dependent factors such as ideal implant
alignment are thought to play an important role in outcome
following primary total knee arthroplasty (TKA). Malalignment can
occur either in the coronal, sagittal or axial plane and even can be a
combination of the three.

Coronal malalignment

Coronal limb malalignment is considered as one of the most
important factors determining long-term prosthesis survival.
Several authors stressed the importance of restoring limb coronal
mechanical alignment to within 180° [30]. Sagittal malalignment
may resultin an overstuffing and limited joint range of motion. Axial
component malalignment can result in abnormal patellar tracking
and subsequent anterior knee pain [41]. Although Several authors
stressed the importance of restoring limb coronal mechanical
alignment to within 180°, in a systematic review showed that about
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64% of studies investigating alignment in the coronal plane showed
no association between malalignment and worse patient-reported
outcome measures [41].

Sagittal malalignment

Components malalignment on this plane can alter the posterior
tibial slop and affect the flexion and extension gaps. This may result
in overstuffing and limited joint range. Femoral notching can be
seen in the excessive femoral component extension position. Lustig
et al. [48] studied 95 patients, showed that sagittal placement
of the femoral component predicts flexion contracture, as the
posterior slope of >3.5° from the mechanical axis increased the
risk of mild flexion contracture at 1-year follow-up by 3 times-
independently of other variables. Kim et al. [49] showed sagittal
malpositioning of the femoral component has also been linked
to inferior survival, as a 3.3% failure rate in knees with femoral
implant flexed >3° as compared to failure rates of 0% and 0.9% in
neutrally aligned femoral components (0-3° flexion) and extended
femoral components (>1° extension), respectively. The same study
also found that tibial malalignment in the sagittal plane (<0° or >7°)
had a failure rate of 4.5%, as compared to a failure rate of 0.2% in
the neutrally-aligned group.

In conclusion, few studies have investigated the role of sagittal
component positioning in TKA surgery. It appears that to improve
the survival rate and functional outcome following TKA, the surgeon
should aim to place the femoral component in 0-3° of flexion and
posterior tibial slope should be 0-7° [31]. However, 100% of studies
reviewed in this review showed no associated between sagittal
malalignment and worse outcome measures [41].

Axial malalignment

Many references exist for measuring femoral and tibia
component rotation. Individual component malalignment and the
combined mismatch can result in abnormal patella tracking and
subsequent anterior knee pain.

Cadaver studies have shown that optimal patella tracking is
achieved when the femoral component is in a neutral position or
externally rotated [50]. These findings were confirmed by Matsuda
et al. [51] who showed a correlation between the internal rotation
of the femoral component, patellar tilt angle and clinical symptoms.
Also, Kelly et al. [52] had found that placing the femoral component
in internal rotation, will displace the patella medially, thus
increasing the Q angle, which can, in turn, lead to lateral patellar
tilt, lateral patellar overhang, subluxation, and dislocation. Also,
Kim et al. [49], had reported an increased failure rate in femoral
components with <2° of external rotation (6.7% failure) and also
in femoral components with >5° of external rotation (1.9% failure)
when compared to components with 2-5° of external rotation (0%
failure) in relation to sSTEA, suggesting that 2-5° of external rotation
is the optimal position. However, a study by Bell et al. [53] on 56
TKA patients with unexplained knee pain showed that an internally
rotated femoral component (>0.3° internally rotated in relation to
the surgical transepicondyler axis, sSTEA) was a significant factor in
pain following TKA. Murakami et al. [54] also reported a correlation
between pain following TKA and internal rotation of the femoral

component (>0° internally rotated in relation to sTEA). Nicoll et al.
[55] compared painful and pain-free TKAs and found that internal
rotation of the tibial component by >9° (in relation to neutral tibial
tuberosity axis (TTA) was a major cause of pain and functional
deficit following TKA. The same study did not find external
rotational errors to be associated with pain. Barrack et al. [56]
investigated 102 TKAs with a minimum follow-up of 5 years and
found significant differences in tibial component rotation between
the 2 groups, with patients with anterior knee pain averaging 6° of
internal rotation (in relation to neutral TTA) as compared to 0.4°
of external rotation in the control group. Bell et al. [53] found that
an internally rotated tibial component (internally in relation to
neutral TTA) was a substantial factor for pain following TKA. Kim
etal. [49] showed that rotational alignment of the tibial component
by <2° or >5° of external rotation (in relation to posterior margins
of the tibial plateau) increased component failure rates. Excessive
internal rotation, when measured in relation to the tibial tuberosity,
can lead to knee pain [31]. Hadi et al. [41] review shows 50 % of
studies found an association between malalignment and worse
PROMs [41].

Did computer-assisted TKA offer better PROMS?

Although Computer-navigated TKR is reported to improve the
overall accuracy of positioning of the tibial and femoral components
with better overall alignment [44,57,58]. But have demonstrated
little evidence of a clinical advantage [44,59].

As Spencer and colleagues [60] found no statistically significant
difference in patient satisfaction comparing computer-navigated
TKA and conventional TKA 2 years after surgery. Similarly, Harvie
and colleagues reported no difference in patient satisfaction
comparing computer-navigated TKA versus conventional TKA at
a period of 5 years after surgery. It would appear that computer
navigation does not have an effect on patient satisfaction [61].

There have been many trials that have evaluated radiological
alignment following total knee arthroplasty which has shown
improved outcomes with CAS [62,63]. Fewer studies, however, have
looked at functional outcomes: a randomized trial of 52 patients by
Decking et al. [64] compared CAS with conventional surgery. They
failed to detect a significant difference in the Knee Society Score
(KSS), the WOMAC score and range of motion at 3-month follow-up
[64]. Similarly, Matziolis et al. [44] found no difference in the range
of motion and KSS at 6 months in a randomized trial of 60 patients.
A trial by Kim et al. looked at sequential simultaneous bilateral
total knee arthroplasties in 160 patients (320 knees). One knee
replacement was performed using CAS and the other was performed
using conventional instruments. There was no significant difference
seen in alignment. Hospital for Special Surgery (HSS) knee scores,
KSS, and range of motion of the knee demonstrated no difference
between the groups at three months, one year, and a mean of 3.4
years after the operation [65].

Conclusion

Patient-reported outcome measures reflected the current
change of focus from volume-based to value-based healthcare
delivery. Measuring patient-reported outcomes have provided
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important information about what matters to patients, the early
Patient-Reported Outcome Measures (PROMs) have been shown to
be affected mainly by component malalignment in the axial plane
but not significantly affected by Limb malalignment in both coronal
and sagittal planes. Component position can't be simplified by
describing it as “mal-aligned” or “aligned” as a complex relationship
between all measures of limb and component alignment (in both
the tibial and the femoral components) play a role in the final
procedure results and subsequent implant survival and patients
reported outcomes.
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