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Abstract

Total joint replacement is one the most effective methods for treatment of degenerative, systemic
and posttraumatic diseases of the knee. However, up to 25% of patients remain dissatisfied with surgery
outcomes. In the majority of cases the patients complain of pain in the operated joint. Identification of
pain cause in the operated joint can turn to become a challenge for the surgeon. Purpose of the study —
to identify the causes of pain syndrome basing on examination algorithm in patients after TKR as
well as to assess the diagnostic value of each particular examination method. Materials and Methods.
The authors analyzed results of comprehensive examination of 79 patients who complained of chronic
knee pain after primary TKR and seeked medical help from the beginning of 2016 until December 2018.
Inclusion criteria were as follows: knee prosthesis and presence of pain syndrome in the operated
joint. Exclusion criteria: fistulous peri-prosthetic infection, suspected “culture-negative” infection
and revisions. All patients included into the study were managed according to the standard algorithm
of comprehensive examination. Results. The most likely causes of pain were identified during the
examination. Infection was observed in 39 patients (49.4%), errors in three-dimensional positioning
of components was considered as a probable cause of pain in 14 patients (17.7%), aseptic loosening
was reported in 13 cases (16.5%), ligamentous instability — in 6 patients (7.6%), extraarticular pain
origin was observed in 5 patients (6.3%) and peri-prosthetic fractures were reported in two patients
(2.5%). The authors confirmed a combination of several pain causes in 17 patients (21.5%). Conclusion.
Examination of patients with painfull knee prosthesis should be comprehensive due to potential
combination of issues in each particular case. Integral and systematic approach to pain diagnostics in
the operated joint is the “key to success” for planning further treatment tactics and for understanding
the necessity and scope of revision procedure.
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Introduction

Total joint arthroplasty is one the most
effective treatment options for degenera-
tive, systemic and knee posttraumatic
diseases. The outcomes of such procedure
are stable pain relief, functional improve-
ment and recovery of daily activities of
patients. Over the nearly half-century his-
tory of condylar type prostheses the im-
plant design and surgical techniques took
a significant step forward. Despite this up
to 25% of patients remain dissatisfied with
surgery outcomes and revisions during
first 2-5 years after the primary joint re-
placement are performed in 60-80% of cases
[1,2,3,4].

In the majority of cases the patients dis-
satisfied with treatment complain of pain
in the operated joint [1]. Understanding
of the pain nature is of key importance to
determine treatment tactics. Based on the
many years of the world experience it was
agreed that revision is possible only af-
ter reliable identification of the problem.
The causes may be related to the prosthe-
ses (mechanical, infectious, intraopera-
tive) and can be extra-articular [5, 6, 7, 8].
Literature also describes rare cases of inde-
finable pain and cases of complex regional
pain syndrome [9, 10].

Diagnosis of pain cause in the operated
joint can be a challenge. Often the patients
do not seek medical help for a long time or
do not get proper attention and continue be-
lieving into the “better tomorrow” for their
prosthesis and after some time turn to an-
other institution. As a rule, such patients
provide standard X-rays and discharge sum-
mary, so the identification of the pain cause
might take much time and as a consequence
affects the patient’s status.

Purpose of the study — to identify the
causes of pain syndrome in patients after
knee arthroplasty using standard examina-
tion algorithm.

Materials and Methods

79 patients addressed the Botkin City
Clinical Hospital in the period from the be-
ginning of 2016 until the end of 2018 with
complaints for chronic knee pain after total
arthroplasty. Surgeries were performed in
various hospitals of Moscow and Moscow
region. Mean period of addressing from the
moment of surgery was 24 months (from 3
to 127 months). Mean age of patients was 67
years (from 53 go 83). There were 60 women
(76%) and 19 men (24%).

Criteria for inclusion of patients into the
study were as follows: knee prosthesis and
pain syndrome in the operated joint. Criteria
of exclusion were as follows: fistulous peri-
prosthetic infection, suspected culture-neg-
ative infection and revisions.

All patients included into the study un-
derwent examination by the standard algo-
rithm similar to the algorithm of S. Hofmann
et al [4].

Prior to examination all patients were re-
commended to make standard X-rays and CT
scanning.

Upon admission to the hospital the pa-
tients underwent general and biochemical
blood tests and test for C-reactive protein.
Examination started with detailed study of
medical history data including discharge
summaries and reports, archived X-rays and
tests, defining chronology of pain origin.
Pattern and location of pain, level of physical
activity of the patient prior to surgery were
also taken into account, as well as presence
of risk factors for development of infection,
any invasive procedures and injuries in pre-
and postoperative period, period of origin
of existing pain syndrome after the surgery,
scope of rehabilitation [11]. Special atten-
tion was given to presence of concomitant
infections and inflammations in the medi-
cal history.

Afterwards patients were asked to de-
scribe pain feelings basing on certain param-
eters. Location, pattern, intensity, onset and
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duration time, relation to certain movements
and activities, efficient application of non-
steroid anti-inflammatory drugs for pain
release and rate of its therapeutic use were
considered.

Then followed a thorough clinical exami-
nation of the patients. The authors consecu-
tively evaluated the bearing ability, walking
on flat surface, walking up and down stairs;
then continued with assessment of the range
of active and passive motions in the operat-
ed joint. Clinical examination of the lumbar
spine, hip and ankle joints as well as of neu-
rological status were performed.

Then the latest standard X-rays in AP and
lateral views were examined in comparison
with the archive of pre- and postoperative
X-rays, identified the stability of compo-
nents fixation, presence of osteolysis signs,
adequacy of size and three-dimensional po-
sitioning of the components, evaluated the
patella positioning [12, 13, 14]. Careful CT
scans analysis was made to evaluate position-
ing of components in axial plane according
to the method described by R.A. Berger et al
[15, 16]. Afterwards the authors took the de-
cision on the need to perform supplementary
radiological examinations such as weight-
bearing full leg standing radiographs [7, 17]
and patella “sunrise view” radiographs [18].

All patients underwent diagnostics knee
puncture while preadmission stage in-
cluded identification of any contraindica-
tions to puncturing (receiving antibacterial
agents during last 14 days). Fluid aspiration
was done in aseptic conditions and with-
out local anesthetics. Approach from the
lateral patella margin was standardly used,
however, in some cases the authors had to
do puncture from different aspects of joint
cavity (Fig. 1). Obtained aspirate was eval-
uated microscopically, then the material
was sent in portions to the laboratory for
cytological and bacteriological tests. The
obtained data was evaluated by threshold
criteria of chronic infection diagnostics
AAOS/MSIS [19]. If necessary, considering
microscopic assessment of the aspirate for
blood presence, the authors made correc-
tion of white blood cell count by Ghanem
formula [20].

Immediately prior to puncture the authors
made a careful objective examination of the
knee joint with palpation of surrounding soft
tissues and identification of pain locations,
and examination of postoperative scar. The
knee joint stability, ligaments consistency,
patella tracking were assessed. If needed
secondary diagnostics punctures were per-
formed every 14 days.

Fig. 1. Puncture from the lateral aspect of meniscus provided only 20 ml of synovial fluid of yellow color —
3338 leukocytes per mm?, 62,5% of polymorphonuclear neutrophils. Medial puncture of the same joint
provided about 120 ml of brown-red fluid — 3,1% of polymorphonuclear neutrophils and 26586 leukocytes
per mm3. Enterococcus faecium growth was observed only in the fluid obtained medially
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After examination by the algorithm de-
scribed above the patients were given recom-
mendations for the period of awaiting results
of cytological and bacteriological aspirate
tests.

Results

In result of examination the most prob-
able causes of pain syndrome in all patients
were identified and options of treatment
were suggested.

Diagnostic signs observed in the study
are presented in Table 1. Several causes were
identified in 17 (21.5%) patients. Table 2
demonstrated distribution of patients per
main causes.

Infection was on the first place among all
causes — 39 (49.4%) patients. Besides, in 6
(15.4%) of those patients apart from infec-
tion the authors identified errors of com-
ponents positioning, and in one patient —
failure of medial collateral ligament. The
results of bacteriological test of the aspirate
from patients with peri-prosthetic infection
are presented in the Table 3. Table 1 dem-
onstrates that aspirate was not obtained
from all examined patients (“dry tap”) [21].
So, in 2 out of 8 such patients the diagnosis
of peri-prosthetic infection was confirmed
by other laboratory tests, data of clinical
and radiographic examination and medical
history.

Table 1

Results of patients’ examination

(o)
Number of % of total

Examination Diagnostic sign observed signs num_ber of
patients
Obj ective physical Ligament instability 7 8.9
examination
Joint fibrosis 8 10.1
Signs of inflammation 9 11.4
Extraarticular causes 5 6.3
X-ray observation Errors in positioning of components 28 35.4
Loosening / osteolysis 31 39.2
Periprosthetic fracture 2 2.5
Ligament instability 7 8.9
Extraarticular causes 4 5.1
Blood test ESR>30 mm/hr 52 65.8
C-reactive protein >10 mg/1 41 51.9
Puncture Presence of the fluid 71 89.9
Leucocytes in synovial fluid >3000 38 53.5
Polymorphonuclear neutrophil >70% 33 41.8
Microorganisms growth in one culture 40 50.6
Microorganisms growth in two and more cultures 36 45.6
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Distribution of patients in accordance to main pain causes Table 2
Cause Number of patients %
Infection 39 49.4
Errors in positioning of components 14 17.7
Aseptic loosening 13 16.5
Instability of ligamentous complex 6 7.6
Extraarticular causes 5 6.3
Periprosthetic fracture 2 2.5

Second in frequency were isolated issues
with positioning components in various
planes including disorders in rotational rela-
tionships in 14 (17.7%) patients.

Aseptic loosening was diagnosed clinical-
ly and radiographically in 13 (16.5%) cases.
In 6 (46.2%) of those 13 patients signs of in-
correct 3D positioning of components were
found in archive X-rays.

Ligaments instability of the knee joint
was observed in 6 (7.6%) patients (excluding
above mentioned female patient with com-
bined infection and instability of medial col-
lateral ligament). A rupture of medial collat-
eral ligament in another female patient from
this group occurred presumably due to incor-
rect positioning of components in the frontal
plane (Fig. 2).

Patella ligament instability in combina-
tion with mismatch of flexion and extension
gaps due to incongruity in positioning of
femoral and tibial components was observed
in one more female patient. Also the authors
diagnosed two cases of instability combined
with coxarthrosis on the operated limb.

Thus, after consolidation of all identified
cases the incorrect placement of components
in various combinations was observed in 28
(35.4%) out of 79 patients.

Among other extra-articular causes the
authors reported 2 (2.5%) peri-prosthetic
fractures: patella fracture and fracture of lat-
eral condyle without displacement.

In remaining 5 (6.3%) cases the follo-
wing extra-articular causes of pain were ob-
served: 2 cases of hip osteoarthritis on the

Fig. 2. X-rays confirming medial ligament
instability and incorrect frontal positioning
of components
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side of replaced knee joint, 2 cases of spinal
radicular semiology and one case of acute
recurrence of urarthritis.

Discussion

All patients dissatisfied with the outcome
of total knee arthroplasty complain of pain
in the operated joint. Understanding the true
cause of pain syndrome is often a challenge
while description of pattern and location of
pain almost never can precisely indicate the
root of the problem. For example, complains
of the patients with confirmed peri-pros-
thetic infection always varied. Some patients
described the pain as burning along the an-
terior surface of the lower leg, others — as
lancinating (“sharp glass”) pain inside of the
knee joint, others compared pain with elec-
tric current. Variety of pain pattern was ob-
served in patients with peri-prosthetic infec-
tion and in patients with aseptic causes. At
the same time, complaints on “start-up” pain
often indicate loosening of prosthesis com-
ponents. In the present study 7 (54%) out of
13 patients with radiographic signs of loos-
ening confirmed reduced pain after a short
walk.

Detailed study of medical history can pro-
vide a valuable information on the probable
cause of the pain. For example, information
about trauma with lesion of the knee liga-
ments in the preoperative period or about
falling on the bent leg in postoperative period
was reported in 3 (42.9%) out of 7 instability
cases confirmed radiographically and clini-
cally. In one case knee ligaments instability
was identified in combination with incorrect
positioning of tibial component which, pre-
sumably, was the cause for instability. In an-
other two patients the ligaments instability
was combined with diagnosed coxarthrosis
which can be related to the changes in rota-
tion center of mechanical leg axis. Besides,
reference to infection and inflammation in
the medical history of a patient can indicated
development of hematogenic peri-prosthetic
infection — all three patients with hema-

togenic infection (Tsukayama III) [22] had
acute infection-inflammatory diseases re-
ported in their medical records.

Objective physical examination is the
most informative in cases of ligaments insta-
bility — standard tests allowed to confirm in-
stability in all 7 patients including imbalance
of flexion and extension gaps for walking up
and down the stairs. Objective examination
can also help to identify probable extra-ar-
ticular pain cases — in the present study in 4
patients pain was localized in the area of pes
anserinus in combination with clinical and
X-rays signs of coxarthrosis on the operated
side, and in one case the patient was recom-
mended to see a neurologist for suspected
radicular syndrome.

Objective examination of patients with
peri-prosthetic infection can detect only mi-
nor diagnostic signs such as changes in skin
pigmentation, pronounced edema and local
hyperemia. All those signs are not very valu-
able for diagnosis, however, should be taken
into consideration in case of doubtful peri-
prosthetic infection due to concomitant dis-
eases or absence of fluid in the joint which
will be described further.

Sign of rigidity and complains of pain in
the anterior portion of the knee joint (pa-
tella area) during getting out of a chair and
walking on the stairs can indicate issues in
patella-femoral joint due to rotational de-
viations. This requires mandatory confirma-
tion by X-ray, CT scanning and tangential
radiographs.

Knee joint fibrosis in the world literature is
often considered as an independent cause for
patient’s dissatisfaction with treatment out-
comes [4,5,7,8, 23, 24, 25]. At the same time
there are studies that describe joint fibrosis
as the consequence of other infectious and
mechanical causes [26, 27]. Presumably, it is
related to the absence of precise universal-
ly accepted definition of joint fibrosis [25].
The most common criteria of this pathology
are rigidity, flexion contracture and “excessive”
intra- and para-articular scar tissue [23, 25].

24 2019;25(2)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

8 patients from the present study who had
a clinical picture of marked fibrous joint
remodeling demonstrated different causes
of such condition: errors in positioning of
components were identified in 5 patients,
chronic infection — in 3 patients. Such con-
dition was not always combined with lim-
ited range of motion and this fact demands
further research and larger number of clini-
cal cases.

Radiographic examination is the most val-
uable instrument to define biomechanical is-
sues. Standard X-rays, however, allow to con-
firm only stability of components fixation and
gross errors in positioning or height of artic-
ular line. In the group of patients with infec-
tion radiographic signs were identified in 18
(46,2%) out of 39 patients: 10 cases of loos-
ening and 8 cases of osteolysis. Evaluation of
X-rays of the patients with chronic low-grade
infection in dynamics from the moment of
surgery did not always indicate the correla-
tion between time, elapsed after surgery, and
osteolysis degree. At the same time examina-
tion of archive X-rays of patients with septic
loosening demonstrated swift nature of this
process — in 6 out of 10 patients with loosen-
ing it was chronologically confirmed that the
period between stable fixation and loosen-
ing was less than 12 weeks. On the contrary,
X-ray signs in patients with aseptic loos-
ening demonstrated slow progression and
often the images did not reflect the actual
status when matching archive X-rays with
data from medical history of the patient.

Full leg X-rays in 3 patients demonstrated
errors in positioning of two components in
the frontal plane, in one patients — only for
femur component, and in three — only for
tibial component.

According to the literature the following
parameters are considered significant: in-
ternal rotation of only tibial component over
5-6°, internal rotation of only femoral com-
ponent over 4°, overall internal rotation of
components of 6-10° and mismatch of rota-
tional position of components starting of 5°

[16, 28-30]. In accordance to the above posi-
tioning errors in axial plane were confirmed
in 19 patients (24%).

Study of “sunrise view” tangential radio-
graphs are required to identify patella posi-
tioning [18]. According to literature overall
internal rotation of components within 3-4°
results in patella tilt, 5-9° — in subluxa-
tion and over 10° — in dislocation [15, 30].
However, among the studied patients the
dislocation of patella was observed only in
one case at 13° of overall internal rotation
of both components (10° for tibial and 3° for
femoral component). Only tilt or subluxation
of patella was observed in remaining 5 pa-
tients with overall internal rotation over 9°
but the patella deformity was severe. In the
only case of mismatch in rotation of compo-
nents the authors observed patella instabil-
ity — patella subluxation at 30° flexion, tilt
at 60° and normal position at flexion of 90°
and above, and excessive patella mobility at
full extension.

In 2011 the American Academy of
Orthopaedic Surgeons (AAOS) published
diagnostic criteria for peri-prosthetic in-
fection [31]. During the symposium of
Musculoskeletal Infection Society (MSIS)
in Philadelphia in 2013 these recommen-
dations were revised [19, 32]. According to
the recommendations without any signifi-
cant signs of infection diagnostic punctures
should be made with ESR above 30 mm/hr
and/or C-reactive protein over 10 mg/l.
Second International Consensus Meeting on
Musculoskeletal Infection) took place in July
2018 where above recommendations were
confirmed as relevant but with some limita-
tions [22]. Those are related to a series of re-
search reflecting low specificity and relatively
low sensitivity of inflammation markers of
blood serum against infection induced by low
virulent agents [33, 34, 35, 36].

In the present study the ESR level was
variously increased in 31 (79,5%) patient
with infection and in 21 (52,5%) patients out
of 40 patients without confirmed infection.
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C-reactive protein was also increased in 31
(79,5%) patient with infection, and at that in
three patients increased values were report-
ed in respect of only one inflammation in-
dicator (ESR or CRP). In patients with asep-
tic etiology of pain the level of CRP over 10
mg/1 was reported in 10 (25%) patients, and
in 8 (20%) patients the values were within
6-10 mg/1.

The data obtained confirm the fact that
use of serum inflammation markers is lim-
ited by specificity and sensitivity [37, 38].
Increased level of indicators can be related
to extra-articular causes (concomitant pa-
thology, rheumatic diseases) and to lengthy
trauma to bone and para-articular tissues in
patients with aseptic loosening and instabil-
ity. In certain cases, concomitant pathology
can seriously complicate the diagnostics of
the issue. For example, literature describes
rare cases of acute inflammation of the
operated knee joint along with recurrent
uratosis [39, 40, 41]. The authors observed
three such cases during the present study
which resulted in the need to evaluate level
of uric acid in the blood and, in necessary,
to test synovial fluid for presence of tophus.
Two out of three cases demonstrated swift
loosening of components along with infec-
tion, and only in one case the diagnosis of
peri-prosthetic infection was statistically
reliably confirmed only during the proce-
dure for spacer implantation. In the third
case no signs of loosening or osteolysis were
observed, peri-prosthetic infection was not
confirmed and persisting reduction of in-
flammation and pain syndrome after punc-
ture and conservative treatment.

According to the most actual diagnostic
criteria of AAOS and MSIS [42] in case of no
fistulas the diagnosis can be confirmed after
double isolation of the same microorganism
during bacteriological test or in presence of
at least 3 out of 5 “minor” criteria. Out of five
possible “minor” criteria, two are based on
cytological test of the aspirate and another
one — bacteriological test of aspirate of bi-

opsy material. Based on this, knee puncture
is the necessary and the most valuable ex-
amination for diagnostic of peri-prosthetic
infection.

The authors managed to get the aspirate
from 71 (89.9%) out of 79 studied patients.
In remaining 8 cases even a smallest fluid
amount was not obtained («dry tap») due to
severe scarring of the joint. Such situation
poses significant differences for differen-
tial diagnostics of issues in the operated
joint. Radiographic examination confirmed
rapidly progressing loosening and compo-
nents migration in 3 of 8 patients, raised
level of ESR and CRP, which resulted in a
decision for two stage revision. In one of
the above cases the increased CRP level can
be accounted for by concomitant pathol-
ogy which complicated decision making
even further and the final diagnosis could
have been established only during surgery.
Injection of normal saline solution into the
joint with following aspiration and test was
not performed due to high risk of iatrogen-
ic complications and absence of strong evi-
dence for efficiency of the present method
in the literature [21].

Bacteriological culturing of obtained fluid
is the most reliable method to identify peri-
prosthetic infection which should be per-
formed in all patients irrespective of serum
inflammation markers. Besides, the bacterio-
logical tests allow to determine antibacterial
sensitivity which highly valuable for under-
standing tactics of further treatment [38].

Repeated puncture is necessary consid-
ering possible microbial contamination of
the tested material, and in case of sufficient
material quantity to make comparison to
the results of cytological tests and macro-
scopic parameters. There were 4 cases of
confirmed microbial contamination in the
present study.

In 2004 A. Trampuz et al for the first time
identified threshold parameters for leuco-
cytes volume and percentage of neutrophils
content in the aspirate — 1700 leucocytes per
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mm?® and 65% of neutrophils [43, 44]. Later
on in 2011 AAOS also suggested thresholds
for cytological tests which were modified
during International Consensus Meeting
on Peri-prosthetic Joint Infection and
Second International Consensus Meeting on
Musculoskeletal Infection. At present, leuco-
cyte count over 3000 per mm?® and polymor-
phonuclear neutrophils volume over 70%
correspond to “minor criteria” of AAOS/MSIS
for diagnostics of chronic infection [19].
A key condition for cytological test is that as-
pirate, if possible, should not contain track
blood inclusions while it might affect the re-
sult. In this regard E. Ghanem et al published
a research in 2008 where they presented a
formula for calculation of “true leucocytes”
count in synovial fluid [20]. According to this
data leucocyte count over threshold was ob-
served in all 36 patients with confirmed peri-
prosthetic infection who underwent cytol-
ogy. In the majority of cases the leucocyte
count significantly exceeded the number of
3000 per mm?®. Percentage of polymorpho-
nuclear neutrophils over threshold was ob-
served in 33 (99.7%) of those patients. For
some reason in 3 remaining patients neu-
trophil percentage was about 3-5% and the
aspirated fluid microscopically was of brown
color and exceeded the volume of 70ml. No
correlation between those findings and type
of pathogen were obtained — in two cases it
was Staphylococcus epidermidis, and in one
case — Enterococcus faecium.

In 30 patients with aseptic causes of pain
who underwent cytological tests the leuco-
cyte count did not exceed 2200 mm? and per-
centage of polymorphonuclear neutrophils
averaged 25-30%.

After recalculating “true leucocytes” by
the Ghanem formula no values over or be-
low the threshold were obtained during
macroscopic and cytological verification for
red blood cells presence in any patients with
aseptic causes for pain as well as in patients
with infection. At that it was observed that
significant increase in red blood cells count

in the aspirate can be related not only to
traumatic puncture procedure («traumatic
tap»). So, increased count of red blood cells
in synovial fluid above 25000 per mm? af-
ter adequate puncture procedure was ob-
served in 15 (65.2%) out of 23 patients with
aseptic or septic loosening of components.
Presumably blood can get into the joint cav-
ity in result of trauma to bone and para-ar-
ticular tissues due to loss in rigid fixation
of components to the bone. However, such
assumption requires further research and
in case of verification can be used for early
diagnostics of aseptic loosening when X-ray
signs are not obvious.

Due to the great variety of causes for pain
syndrome after knee joint arthroplasty the
identification of the true issue can be a chal-
lenge. Thus, chronic infection or errors in
positioning of prosthesis components can
be hidden behind the phenomenon of joint
fibrosis. Those errors themselves remain
acute and widespread issue often resulting
in early aseptic loosening or ligaments insta-
bility. Besides, any detected mechanical or
extra-articular causes can be combined with
chronic infection which mandatory should
be taken into consideration during examina-
tion of a patient. But even the availability of
information on inflammatory process should
be differentiated with respect of systemic or
somatic pathology.

Patients with knee pain should undergo a
full range examination. Integral and system-
atic approach to pain diagnostics in the op-
erated joint is the key to success for planning
further treatment tactics and for evaluating
the need and scope of revision.
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