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Protocol for submission 

Department of Orthopaedics 
H49 Old Main Building 
Groote Schuur Hospital 
4045175 

Knee Pain, Swelling and Stiffness after Total Knee 
Replacement: A survey of South African knee surgeons. 

Author: Dr B.R.Garrett (MP0537624) 

Supervisor: Prof I.Walters 

Introduction: 

Total Knee Replacement (TKR) surgery has revolutionized the care of patients suffering 

from degenerative or inflammatory arthritis of the knee. The goal of treatment being a 

pain-free, stable knee joint which allows good function for activities of daily living. 

There are many causes for a poor outcome following knee replacement arthroplasty. 

However this is a surprising finding when no obvious intra- or post-operative 

complications have been encountered and a good functional result is anticipated. 

Recently the orthopaedic literature has numerous pUblications reporting the pain and 

stiffness as a troublesome outcome. 

Similarly, in the Orthopaedic Department at V.C.T. it was found that some patients, for 

whom the results were predicted to be excellent after a "simple and straightforward" 

TKR, had much more pain and swelling than was expected. This delayed their 

rehabilitation, prolonged their hospital stay, and correlated with a poor medium-term 

outcome. In many of them a cause for these problems was not identified. 

To investigate possible causative factors, a Literature Review and a Survey of current 

practices in South Africa was planned. A Questionnaire to be sent out to all members of 

the South African Orthopaedic Association (SAOA) was compiled. 
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The prevalence of post-operative stiffness has been examined extensively, and varies in 

the literature. Older studies quote figures from 1,3% (Kim) to 12% (Daluga). More recent 

studies quote 3.7% (Gandhi) and 5,3% (Yercan). Throughout these reports the use of the 

term 'stiffness' and its definition are inconsistent. 

More recently the Natural History of pain after TKR has been investigated by Brander et 

al. They show that pre-operative pain decreases to half its level by three months post­

operatively, but at one year, one in eight patients still has pain. It is also shown that 

patients with significant pre-operative pain (VAS>40) have increased post-operative pain, 

and that pre-operative anxiety and depression result in increased post-operative pain and 

increased use of resources. 

The most likely reasons for pain and swelling in the immediate post-operative period are 

the inflammatory process instituted by the surgical assault, retained haematoma or 

infection. Technical and mechanical factors such as mal-direction of bone cuts, 

incomplete removal of osteophytes, ligament balancing, component mismatch or 

malposition and overstuffing the joint are all reported causes of post-operative pain and 

stiffness. Some less well understood causes like Regional Pain Syndrome and 

Arthrofibrosis have also been reported. 

The understanding of the mechanisms of pain is becoming clearer, and more emphasis is 

being placed upon Preemptive and Multimodal analgesia. Ranawat et al have recognized 

an improvement in swelling when better pain control has been achieved. The decrease in 

pain permits accelerated rehabilitation programs which result in an earlier uncomplicated 

recovery of function. 

A recent survey in the USA which sought to understand the Orthopaedic surgeon's 

perspective on pain management showed that opiods are still seen as the most reliable 

intervention, although local and regional techniques also had high levels of satisfaction. 

Surgeons were amenable to changing their protocols, based on proven clinical trials. 
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Objectives: 

The aim of the study is to conduct a survey of the Orthopaedic community in South 

Africa to assess the perceived incidence of these problems, and to see which, if any, 

surgeon or peri-operative interventions or variables play any role. If so recognized, we 

aim to devise recommendations to avoid or minimize their occurrence. 

Methods: 

Study design: 

A Survey of peri-operative management practices of Orthopaedic Surgeons performing 

TKR's. Focusing on the perceived incidence of post-operative pain and swelling. 

Subject identification: 

South African Orthopaedic Surgeons. Members of the SAOA, the South African Knee 

Society and the Arthroplasty Society. 

Excluding: Registrars, Retired and Honorary members, Surgeons with no available email 

address on SAOA database. 

Including: Generalist Surgeons and Specialist Arthroplasty Surgeons. 

Measurement: 

Questionnaire (original on MSWord, converted to Excel for ease of completion and 

analysis).Data capture and evaluation on MSExcel. 

List of variables (see questionnaire: Including patient demographics, surgeon experience, 

surgical techniques, weight threshold, medical management, pain and swelling 

parameters, rehabilitation program .. ) 

Quality control (no proven validity studies for questionnaire) 

Pilot study: Several versions of the questionnaire were trialed by 3 Orthopaedic 

Surgeons until an acceptable format was finalized. Layout and format for data capture 

received input from a biostatistician. No formal pilot study was performed. 
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Analysis: 

Microsoft Excel tables and graphs used for initial data analysis. 

The chi-squared test of association will be used for statistical analysis of categorical data. 

Report of findings: 

Results will be submitted for publication in peer review journals. Results will also be 

discussed at the South African Orthopaedic Association congress and research or faculty 

meetings. 

Ethics: 

No consent form from surgeons needed, as questionnaire subject to voluntary return. 

Disclosure that results would be used for analysis was made. Anonymity of respondents 

was maintained other than to principal investigator to prevent duplication of results. 

Risks I Benefits: 

No financial benefits or sponsorship implications. 

No risks to participants. 

Privacy and confidentiality of results ensured. 

Benefit of raising awareness of these problems within our discipline, and offering some 

shared insights and observations into their occurrence, prevention and management. 

Budget and funding: 

Costs not requiring funding: 

• Departmental and personal computer usage. 

• Paper and photocopying supplied by the Orthopaedic Department of the 

University of Cape Town. 

• Stationary, telephone and postal services, if required, will be funded by the 

Orthopaedic Department. 

• Researchers will not be remunerated and will do the research as part of their 

current academic appointments. 
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Costs possibly requiring funding: 

• Travel and accommodation expenses expected to present at the National 

congresses: R5000. 

• Costs expected in publication process: R500. 
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Part B: Literature review 

This review focuses on specific areas within a potentially vast subject matter in order to 
provide background information which is pertinent to this dissertation. 

i. The Inflammatory Response to Surgery pg.l0 
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v. Investigation of Pain and Stiffness pg.20 
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ix. References pg.27 
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LITERA TURE REVIEW 

i. The Inflammatory Response to Surgery 

The inflammatory response to surgery is equivalent to the stress response of hormonal, 

neural and metabolic changes which initiate and propagate a local and systemic reaction 

to injury. 1-3. From the site of injury, afferent impulses travel via the spinal cord and 

medulla to the hypothalamus, and then activate the pituitary-adrenal axis and the 

sympathetic autonomic nervous system. The overall metabolic effect is increased 

catabolism and water and salt retention.4 

The local response is proportional to the degree of tissue trauma and is initiated by the 

clotting cascade resulting in the migration of inflammatory cells to the site of injury. 

Many chemicals are released including histamine, bradykinin, serotonin, substance-p and 

prostaglandins.s Cytokines are the major mediators and maintainers of the inflammatory 

response.6 Interleukin-l (lL-l) and Tumour necrosis factor-a (TNF-a) are released by 

activated macrophages and monocytes which stimulates release of IL-6 which is the main 

cytokine responsible for the systemic changes known as the acute-phase response.7 

Cytokine levels are maximal at 24 hrs and remain elevated for 48-72 hrs. The acute phase 

proteins (CRP, fibrinogen and a2-macroglobulin) act as mediators, anti-proteinases and 

scavengers in tissue repair. 8,9 
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ii. Mechanisms and Treatment of Pain 

Acute pain results from mechanically-, chemically- and thermally-induced damage to 

tissue integrity. Skin, capsule, synovium and bone nociceptors all are activated in 

response to noxious stimuli, and lead to neurotransmitter release in dorsal hom nuclei of 

the spinal cord, and relay information via the thalamus to the cerebral cortex. IO 

The local chemical inflammation further sensitizes nociceptors to noxious stimuli, and 

sensitization lowers the nociceptive threshold to painful stimuli. If inflammation persists, 

biochemical modulations alter the peripheral sensory neurons (peripheral sensitization). If 

increased afferent input to dorsal hom nuclei persists, then post-synaptic secondary 

sensory neurons are also sensitized (central sensitization) causing amplified responses to 

11 . II a sensory mput. 

Our understanding of the mechanisms of pain is becoming clearer, and more emphasis is 

being placed upon preemptive and multimodal analgesia with the focus on local and 

regional techniques. 12 Multimodal analgesia addresses multiple mechanisms of pain, and 

has been shown to decrease systemic analgesia requirements and the side-effects of 

individual agents, especially opiods.13 Preemptive analgesia is aimed at preventing the 

development of pain, especially central sensitization, but may work less well in patients 

with pre-operative pain. 

11 

""ULLl'U"'" to cortex. to 

to HVAHJUCI "U'"HUH 

neurons are 

is u,-".V"ll'.l~ more is 

11 



Univ
ers

ity
 of

 C
ap

e T
ow

n

It is believed that the control of initial post-operative pain, which is due in part to the 

acute inflammatory response, will prevent sensitization and ongoing pain and 

inflammation. Thus maximal mobilization is possible before fibrosis and stiffness can 

occur. Each practitioner or institution tends to follow a different protocol, employing 

varying combinations of agents and techniques. 

Herkowitz et al. I4 reported on a Survey of pain management amongst orthopaedic 

surgeons in the USA. In this paper it is shown that opioids are still considered the most 

reliable means for post-operative pain management, and are widely used despite their 

side-effect profile. Epidurals and nerve blocks also had high levels of satisfaction with 

arthroplasty surgeons. However interest was expressed in employing alternative agents 

and placing less reliance on conventional analgesics. 

Traditional post-operative pain management includes neuraxial analgesia with indwelling 

epidural catheters and parenteral opiod analgesia with patient-controlled analgesia (peA) 

pumps. These methods are relatively easy to use, but have many adverse effects and may 

result in suboptimal pain control. 15 

The multimodal regimen consists of peripheral nerve blocks, local periarticular injections 

and a combination of oral non-opiod agents. 16 

The main groups of analgesic agents are as follows. 
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- Opioids: Morphine acts at the hypothalamus to suppress the Hypothalamic­

Pituitary-Axis. It can be delivered either intravenously, intramuscularly or orally. 

Side-effects (nausea, vomiting, somnolence, pruritis, constipation, urinary retention) 

are fewer with the lower doses used in multimodel approaches. 

- Neuraxial analgesia inhibits the stress response to surgery by blocking the afferent 

pathway. Spinal or Epidural techniques as a singe-dose or as a continuous infusion 

may be used. A Cochrane review17 found no difference between epidural and 

systemic analgesia in the frequency of nausea and vomiting and respiratory 

depression. Urinary retention, pruritis and hypotension were more frequent with 

epidurals compares to opiods, but sedation was less frequent. Epidural analgesia had 

lower pain scores at rest and with leg movement 18-24 hours after surgery. The use of 

low molecular weight heparin for thrombo-prophylaxis was found to increase the 

chance of epidural haematoma by 50%.18-19 

- Peripheral Nerve Block. These are often more technically difficult to perform than 

upper limb blocks, but advances in ultrasonography and nerve stimulating needles 

have made them more reliable. Their unilateral nature and the fact that they can be 

used in conjunction with an indwelling peripheral catheter are advantages. Studies 

have shown better pain scores and better knee flexion when compared with systemic 

analgesia, and equivalence to epidural analgesia.2o
,21 Their main risks are neurologic 

dysfunction and inadvertent intravascular injection. The femoral nerve block or fascia 
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iliaca block should be supplemented by a sciatic nerve block for the posterior 

structures. 

-Local Peri-articular injections are gaining favor for their low side-effect profile and 

ease of use. These contain long-acting local anaesthetics with or without other agents 

such as morphine, ketorolac and epinephrine. Several authors22
,23 have found that this 

technique led to lower pain scores, better early functional recovery and earlier 

discharge from hospital. They suggest that a cocktail of agents has a synergistic 

effect. 

-Paracetamol is believed to act by inhibiting prostaglandin synthesis in the central 

nervous system, although the exact mechanism has not been elucidated. Side-effects 

are limited if the daily dose is less than 4000mg. 

- Tramadol is a centrally-acting drug structurally related to opiods which binds opiod 

receptors and prevents re-uptake of norepinephrine and serotonin. It has a lower 

incidence of side-effects than morphine. It should be avoided in patients taking 

antidepressants. 

- NSAIDS inhibit prostaglandin production in the Arachidonic Acid pathway affecting 

both COXI (loss of protection for gastric mucosa, and inhibiting platelet aggregation 

causing bleeding) and COX2 (analgesic effects) receptors. 
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- COX2 specific inhibitors have fewer gastric side-effects, but some have increased 

cardiac side-effects. Ketorolac is a frequently used parenteral agent in this group. 

- Glucocorticoids have a small effect on depressing IL-6 concentrations, and are well 

known for their local anti-inflammatory effects, but may increase wound and 

infective complications. Their use in orthopaedics was recently reviewed by 

Salerno.24 

- Clonidine activates a2-adrenergic receptors providing haemodynamic stability with 

its sympatholytic activity and reducing anaesthetic requirements by sedation. 

iii. Measurement of Swelling 

The measurement of swelling of the knee is not a simple process, especially in the post­

operative patient who has pain, bulky dressings over fresh incisions, and where 

anatomical landmarks are difficult to consistently identify. Most authors evaluate 

swelling by simple circumferential measurement using a tape measure at some point 

around the knee, but this has not been standardized or validated for the knee region. A 

figure-of-eight method has been shown by Maudslel5 and Peterson26 to be useful, 

reliable and valid for ankle swelling, and to be comparable to the use of water volumetry. 

A technique of multiple measurements at prescribed levels around the knee is currently 

being evaluated in our Department. 
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Mathematical models have been used to calculate volume, which rely upon several 

circumferential tape-measurements, such as the truncated cone 'frustrum method' 

described by Stranden.27 This measures the circumference at 2 points and the distance 

between them. A mathematical formula is used to calculate the volume. The disc model 

method of Kuhnke et a1.28 measures circumference in relation to a series of discs 3cm in 

height, and then adds them together. 

Water vOlumetry29 which involves water displacement from a Plexiglas container, is the 

gold-standard, It has been shown to have acurate intraobserver reproducibility and low 

interindividual variability.3D However its use is impractical in the post-operative setting, 

with patients with pain and surgical wounds having to immerse their limbs in tanks of 

water. 

Optoelectronic systems require a metal frame fitted with 240 to 300 infrared 

phototransistors to measure circumference between 2 points at multiple levels, and a 

microprocessor connected to the chassis bearing the frame. These devices, such as 

Stanton's 'Perometer,31 and Verraat's 'Volumeter,32, have been shown to be comparable 

to water volumetry, 33,34 but are expensive and not readily available. 
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iv. Stiffness and Arthrofibrosis 

The functional requirements of a knee joint are to be able to fully extend, which 

decreases the work of the quadriceps muscles and reduces patello-femoral loads, and to 

flex to various degrees for different functions. For walking on level ground a range of 45-

55° is required, 85° for stair climbing, 95° to rise from a seated position, 125° to kneel 

for prayers, and 135° for squatting on the floor. 35
,36 Different ethnic and cultural groups 

require varying arcs of motion for religious or hygiene purposes. 

The definition and interpretation of 'stiffness' is inconsistent between authors. An 

acceptable flexion range may be 75° for one report (Kim et al. 36 who noted a prevalence 

of 'stiffness' of 1,3% in their series), yet 95° for another (Yercan et al.37 who report 5,3% 

postoperative stiffness). Flexion to 90° seems to be the most commonly recognized limit 

of acceptability. 37-39,42,48,49 

There are many reports on the prevalence, the risk factors and the management of 

postoperative stiffness. The primary patient factors influencing the postoperative range of 

motion are multi-factorial. 

Scranton39 reports that 85% of their patients who developed stiff knees had previous 

surgery or had diabetes mellitus. Ritter et al.40 showed that pre-operative flexion most 

strongly predicted post-operative flexion. Lam et al.41 demonstrated that knees with a pre­

operative flexion deformity alone had an increased risk of developing stiffness 
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afterwards. Gandhi and de Beer42 revealed that pre-operative flexion, and flexion at 

closure, at 6 weeks and at 6 months post-operatively were all predictive of a stiff TKR at 

1 year. 

Harvey et al.43 and other authors 44,45 have found that generally there is a gain III 

rheumatoid knees and a loss in osteoarthritic knees, and that stiffer knees gain some 

flexion, while more mobile knees often lose some of it. 

Dennis46
, Laskin47 and others38

,39,42,49,50 stress that intra-operative factors which may result 

in stiffness are numerous, and that surgical technique and component positioning are 

critical. Improper flexion-extension gap balancing, over-sizing or mal-positioning of 

components, inadequate femoral or tibial resection, inadequate osteophyte removal, a 

persistently tight posterior cruciate ligament, joint line elevation or failure to restore 

posterior femoral offset are all possible causes of decreased range of motion. (Table I) 

Stiffness may also be due to muscle tightness from prolonged disuse, or muscle inhibition 

from painful stimuli. It may be due to intra-capsular or inter-fascial adhesions and fibrous 

band formation and soft tissue-impingement. 
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Table I : Possible causes of pain and stiffness after knee replacement surgery. 

Common Articular Causes of Pain Causes of Stiffness 
Infection Pre-o~erative stiffness 
Prosthetic loosening History of previous surgery 
Instability Excessive pain 
Component failure Poor patient motivation 
Patello-femoral disorders Reflex sympathetic dystrophy 
Peri-prosthetic osteolysis Heterotopic ossification 
Common non-articular causes of Pain PCL tightness 
Hip disease Instability 
Spine disease Peripheral obesity 
Vascular disease Technical error 
Tendonitislbursitis Anteriorly shaped femoral cuts 
Reflex sym2athetic dystrophy Impro~er comp~nent position 
Psychological illness Oversized components 
Less common Causes of Pain Patello-femoral dysfunction 
Patella clunk syndrome Patella baja 
Lateral patella facet syndrome Joint line mismatch 
Soft-tissue impingement syndromes Overstuffing 
Fabellar impingement Osteophytes 
Popliteus tendon dysfunction 
Tibial component overhang 
Heterotopic ossification 
Recurrent haemarthrosis 
Particulate-induced synovitis 
Cutaneous neuroma 

Parvisi et a1.48 analysed their database of 10 000 total knee replacements, and found 112 

(1.1 %) to be stiff «90 flexion). 98 required manipulation under anaesthesia and 14 

underwent revision surgery. Gender-based stratified analysis determined that age, body-

mass-index, femoral flexion and patella baja were significant predictors in females, but 

only patella baja was a predictor of stiffness in male patients. 

In an analysis of specimens taken from the stiff knees which underwent revision 

arthroplasty, Parvisi et a1.48 suggest a genetic predisposition to the condition due to an 
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imbalance in the chemical mediators regulating the normal resolution of the 

inflammatory and fibroblastic proliferative phases of healing. They postulate an 

exaggerated RONS (reactive oxygen and nitrogen species) production or a deficiency in 

RONS removal. Their research group is currently investigating treatment with 

antioxidants. 

v. Investigation of Pain and Stiffness 

When evaluating a patient who suffers from any complication after TKR, one can assess 

pre-operative, intra-operative and post-operative factors as causes for pain and stiffness. 

A recent review article compiled by Mandalia et al.51 describes a logical evaluation which 

follows a systematic approach, including history, examination, laboratory tests and 

radiological investigations which should be performed. 

It is not always easy to distinguish between septic and aseptic aetiologies.52 Laboratory 

tests such as the white cell count (WCC), erythrocyte sedimentation rate (ESR) and C­

reactive protein (CRP) are useful markers for infection, both alone and in combination. 

Greidanus53 reported high sensitivity (0,93 and 0,91) and high specificity (0,83 and 0,86), 

respectively, for ESR >22.5 mmlhr and CRP > 13,5 mglL, for the diagnosis of infection in 

patients with painful TKR. However, these values are laboratory dependant, and should 

be taken in context. Recently Interleukin-6 has shown promise as a serological marker for 

infection.54 It increases and returns to normal more rapidly. Di Caesare55 found it to be 

consistently elevated (> lOnglL) in patients with peri-prosthetic infection. 
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Barrack et al.56 and Duff et al.57 also showed the value of joint aspiration in determining 

infection, but others have found this to have poor sensitivity and specificity. 

Discrepancies exist as to what cell count or what percentage polymorphonuclear cells 

should be considered abnormal. No antibiotics should be received for two weeks prior to 

aspiration of the joint, and multiple samples growing the same organism should be 

reported to be able to make a positive diagnosis of periprosthetic infection. 

Plain radiographs are essential in all cases and should be long leg standing antero­

posterior, lateral and merchant views of the knee. These can exclude surgical errors as a 

cause, and can evaluate loosening, fracture, wear and heterotopic ossification in the 

chronic problematic knee.51 

Nuclear medicine scans are not helpful in the acute phase, where it may take over a year 

to return to normal. Sometimes the third 'delayed' phase may never return to normal. The 

triple-phase bone scan has high sensitivity, but poor specificity. 58 These scans, especially 

gadolinium enhanced and white blood cell labeled, may be helpful in late presenting knee 

pain to help distinguish between infected and loose TKRs, with a negative scan being a 

strong predictor of the absence of infection, but a positive scan is of limited value.59 

MRI scanning with metal subtraction software and optimized pulse sequence parameters 

can circumvent much of the artifact generated by total knee arthroplasty, yielding 

diagnostic information about the prosthesis, the periprosthetic soft tissues, and the 

21 



Univ
ers

ity
 of

 C
ap

e T
ow

n

adjacent osseous structures. In a study by Sofka et a1. 60 The MRI findings led to surgical 

or other therapeutic interventions in 21 of 40 patients with a painful TKR and influenced 

clinical management in all cases. 

vi. Management of Stiffness (with Iwithout Pain) 

After thorough evaluation of the painful or stiff joint, a management plan can be 

formulated depending on the cause.52 Manipulation is an effective form of management 

for the stiff TKR, although care needs to be taken not to rupture the patella tendon or 

cause a fracture. 

Both Daluga et a1.61 and Yercan et a1. 38 have shown that an earlier manipulation under 

anaesthesia(MUA), less than 3 weeks post-operatively, yields better results. Arthroscopic 

arthrolysis can be successful in selective cases within 6 months post-operatively.62,63 

Open debridement with or without polyethylene replacement yields modest 

improvements in range of motion.64-66 

Formal revision is most frequently undertaken for persistent pain and swelling. However, 

unless a specific cause is being addressed, its effectiveness has had mixed success.67,68 

Yercan et a1.38 felt that if problems with the patella (loosening and clunk syndromes) 

were identified, these should always be corrected, as surgical treatment for these 

problems had a good outcome. Mont et a1.65 and Jacobs et a1. 69 advise that revision 

surgery for patients in whom a cause cannot be found, specifically those with 
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unexplained pain, performs poorly as opposed to revision for those with an identifiable 

cause for their pain and/or stiffness. 

vii. Prevalence of Pain and Stiffness 

The prevalence of post-operative pain and stiffness varies in the literature. Studies quote 

figures from 1.1% to 10.8% (Table 11).37-39,42,48,49,75 The overlap between pain and 

stiffness vary between researchers, and there is an inconsistent definition of stiffness 

(between 70 - 95 degrees of flexion). 

Table II: Prevalence of pain and stiffness reported by surgeons 

Author Year Knees Outcome: Pain / Stiffness (definition) %P/S 

Kim et al.
jl 2004 1000 Stiffness «75 0) 1,3% 

Parvisi et al.41S 2006 10000 Stiffness «90°) 1,1% 

Gandhi et al.42 2006 1216 Stiffness «90°) 3,7% 

Scranton5
'1 2001 250 Pain and stiffness «90°) 10,8% 

Y ercan at al. 51\ 2006 1188 Pain and stiffness «95°) 5,3% 

Fischer et al.4
'1 2007 1024 Pain and stiffness «90°) 6,9% 

Elson et al. I) 2007 622 Unexplained pain at 6/12 4% 

In addition, what patients experience and what surgeons report about the procedure is 

often quite different (Table 111).72-74 
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Table III: Prevalence of pain and stiffness experienced by patients 

Author Year Knees Outcome: Pain / Stiffness %P/S 

Brander et aL'J 2003 149 Unexplained pain at 6/12 18% 

Brander et al. 14 2003 149 Unexplained pain at 1 yr 13% 

Baker et al. 11 2007 10000 Dissatisfied at 1 yr 18,2% 

Nunez et aL':.! 2009 146 Pain! poor function 15,7% 

Baker and Gregg?1 performed a survey of 10,000 patients from the UK national joint 

registry, with a response rate of 87%. One year after TKR, only 82% of patients were 

satisfied with the outcome of their total knee replacement. The patients who were not 

satisfied (18%) had poorer scores in both the 'pain' and 'function' elements of the Oxford 

knee score. 

Nunez et al.72 reported that almost 16% of patients would not have their operation again 

citing difficult recovery, increased pain, and insufficient improvement as the main 

reasons. 

The natural history of pain after TKR has been investigated by Brander et al.?3 who show 

that the of patients with significant pre-operative pain (72%) almost one quarter 22,6% 

still had excessive pain by 3 months, which reduced somewhat to 18,4% at six months 

post-operatively. However at 12 months, one in 8 patients (13%) still had unexplained 

pain. 
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These authors also indicated that patients with significant preoperative pain (Visual 

Analogue Scale, V AS >40) have a higher rate of manipulations, and suggested instituting 

aggressive pain management including drugs, physiotherapy and education before 

surgery. Psychosocial factors such as anxiety and depressive symptoms preoperatively 

were associated with higher pain levels post-operatively and increased use of resources. 

In their follow-up study, Brander et al.74 showed that patients with heightened, 

unexplained pain at 1 year had progressive improvement in pain over several years and, 

by 5 years, 95% of these patients were satisfied, but 5% still had unexplained pain. 

Elson and BrenkeC5 evaluated their series of 622 TKRs and found an incidence of 4% 

unexplained pain at 6 months. They report that half of these patients recovered over the 

subsequent 5 years, and that surgery for unexplained pain had a poor outcome. 
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viii. Summary 

In conclusion, the mechanisms for pain are complex and multi-factorial. Multimodal 

regimes have been developed to address the problem of postoperative pain. Once obvious 

causes have been excluded, more subtle reasons for some patients to have continued 

problematic postoperative pain have not yet been fully elucidated. Swelling is difficult to 

quantify in the postoperative patient, and its relationship to pain and resultant stiffness 

has also has not been shown. There are numerous causes for postoperative stiffness, 

which has been reported to be less than 75-95° flexion. The reason for arthrofibrosis is 

postulated to be genetic, with an imbalance in the chemical mediators of inflammation. If 

a cause cannot be found, revision arthroplasty yields poor results. Despite good results 

being published by surgeons, surveys of patients reporting their own outcomes regarding 

pain and stiffness are not as positive. 

Portions of this review and the manuscript which follows were combined and condensed 

and have been published in the South African Orthopaedic Journal. Winter 20lO;vol 9 

(no2):59-66. (Appendix F) 
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ABSTRACT 

Background and Method 

Total Knee Replacement surgery is an efficient treatment modality for Arthritis of the 

knee, but it is not without its problems and dilemmas. Knee pain, swelling and stiffness 

after total knee replacement (TKR) surgery are well-recognized complications. There are 

many possible reasons for a poor outcome; however, in some cases despite investigation 

the cause may be unexplained. 

Similarly, in the Orthopaedic Department at V.C.T. it was found that some patients, for 

whom the results were predicted to be excellent after a "simple and straightforward" 

TKR, had much more pain and swelling than was expected. 

The aim of this study was to assess the perceived incidence of these problems amongst 

knee surgeons in South Africa and to see whether any surgical or other peri-operative 

intervention or variable appeared to play a role. A survey was sent to members of the 

South African Orthopaedic Association (SAOA), focusing on the surgeon's perception of 

unexpected and unexplained post-operative pain and swelling. 

The pathophysiology of pain and swelling, as well as possible mechanisms for 

postoperative stiffness is explored, and current outcome reports from the literature are 

reviewed. Methods of investigation, quantification and treatment of postoperative pain 

swelling and stiffness are discussed. 
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Results and Discussion 

Of the 61 respondents, two-thirds had more than 10 years experience and close to three­

quarters performed 20 or more TKRs per annum. Less-experienced surgeons report 

unexpected pain with greater frequency than more-experienced surgeons (90% vs 53%) 

(p<0,05). 

Similarly, surgeons using the visual analog scale (VAS) to assess a patient's pain report a 

higher incidence for unexpected pain. Unexpected pain was identified as a problem, with 

two-thirds of surgeons reporting seeing more pain than anticipated in between 6 and 20% 

of their cases. Unexpected swelling is also an issue. Approximately one half of surgeons 

could only identify the cause for pain in fewer than 5% of their cases. 

Surgeons who use drains and have shorter surgical times reported a reduced incidence of 

unexpected pain and swelling, although this did not reach statistical significance. No 

suggestive relationships were found for other peri-operative parameters, such as analgesic 

regimens, thrombo-embolic prophylaxis or mobilization protocols. 

The reported perceived incidence of postoperative pain and swelling is higher than was 

anticipated, and intimates that our experience in Cape Town is echoed around South 

Africa, however, management protocols vary widely between surgeons. No direct 

correlations can be made from this data, but it confirms that our future investigations will 

be into a difficult and as yet incompletely explained problem for arthroplasty surgeons. 
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I. INTRODUCTION 

Total knee replacement (TKR) surgery has revolutionized the care of patients suffering 

from degenerative or inflammatory arthritis of the knee. The goal of treatment is a pain­

free, stable knee joint which allows good function for activities of daily living. 

There are a myriad of causes for a poor outcome. Often the clinical picture is a spectrum 

of both pain and stiffness, but many authors report one or the other as the predominant 

symptom. The prevalence of postoperative pain and stiffness varies in the literature. 

Studies quote figures from 1.1% to 10.8%.37.39,42,48,49,75. Whilst there is an overlap 

between pain and stiffness, the definition of stiffness is loosely defined as knee flexion 

ranging from 70° to 95° of flexion. Swelling may be associated with both of these 

findings, but was not specifically reported on as an outcome in our literature search. 

In the Orthopaedic Department at the University of Cape Town it has been recognized 

that some patients - for whom the results were anticipated to be excellent after a 

nominally 'simple and straightforward' TKR - had much more pain and swelling than was 

expected. This delayed their rehabilitation, decreased their range of motion, prolonged 

their hospital stay, and correlated with a poor medium-term outcome. For many of these 

patients a specific cause for their pain and swelling could not be identified. 

The aim of this study was to assess the perceived incidence of these problems amongst 

knee surgeons in South Africa and to see whether any surgical or other perioperative 
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intervention or factor appeared to playa role in the presence of post-operative pain, 

swelling and stiffness. 

This study was conducted via a survey dealing with perioperative management practices 

of South African Orthopaedic Surgeons performing TKRs. A comprehensive 

questionnaire was sent to members of the South African Orthopaedic Association 

(SAOA), focusing on the surgeon's perception of unexpected and unexplained post­

operative pain and swelling. 
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II. MATERIALS AND METHODS 

i. Participants 

A survey of South African knee surgeons was performed using the database for the South 

African Orthopaedic Association (SAOA). Of the 550 members, 150 were either still in 

training or no longer actively performing knee arthroplasty surgery. 120 surgeons on the 

database had incomplete or inaccurate contact email addresses. Thus 280 questionnaires 

were sent to generalist and specialist surgeons who may perform total knee replacements. 

ii. Procedures 

A questionnaire (Appendix B) was designed to include all the factors which could be 

considered important in contributing to causing excessive pain, swelling and stiffness. 

Several versions of the questionnaire were tested by three knee arthroplasty surgeons in 

order to develop a comprehensive and user-friendly format. Assistance for the design and 

data content was obtained from a biostatistician. 

The questions covered multiple aspects of perioperative assessment and care of a patient 

after a total knee replacement (TKR), including the following: surgeon demographics, 

implant variations, operative techniques including use of tourniquets, haemostasis and 

drainage, medical interventions including analgesia, anticoagulation and antibiotic use. 

The incidence of 'more pain than was expected' and the ability to identify causes for that 

pain were also examined, as was the occurrence of 'more swelling than was expected' 
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and the assessment of that swelling. The investigation of infection, the mobilization 

programme, and the consideration of manipulation for stiffness were also included. 

iii. Survey definitions 

For the purpose of this study the following definitions of terms used as relating to 

symptomatology apply: 

'Unexpected': implies a subjective assessment of such occurrence beyond the 

expected in the experience of the observer. 

'Unexplained': implies a symptom which cannot be shown to have a demonstrable 

cause. 

iv. Measurement 

The questionnaire was converted into an Excel-based spreadsheet for email 

communication and online completion. Each reply was added to a single tabulated 

spreadsheet for data analysis. The focus of the study was to assess the perceived 

incidence of pain and swelling reported by South African knee surgeons. As such, the 

respondents were grouped according to their response to the above-mentioned questions; 

subsequent comparative analysis of the variation in perioperative parameters in these 

groups was then performed. 

Categorical data was used and the broad categories for possible responses included: 

never, seldom (1-5%), sometimes (6-20%), mostly (21-80%) and always. 
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v. Data Analysis 

The chi-squared test of association was performed for analysis of the categorical data. A 

p-value of < 0.05 was considered to indicate statistical significance. 

vi. Ethics 

The study protocol adhered to the tenets of the declaration of Helsinki, and was approved 

by the University of Cape Town Research and Ethics Committees. Informed consent 

forms were not required as informed voluntary response was required to participate. 

Anonymity was strictly adhered to. 
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III. RESULTS 

Of the 280 questionnaires sent out, 61 respondents returned a completed questionnaire 

(22%).32 of the respondents were also members of the South African Knee Society. 92% 

(56/61) of reporting surgeons practice in the private sector. Less-experienced surgeons 

«10 years) comprised 34% (21/61) and surgeons with more than 10 years experience 

made up 66% (40/61). 

The number of cases performed each year was also taken as a measure of experience, 

with 17 (28%) performing less than 20 TKR per year. Only 8 (13%) 'high-volume' 

surgeons performed more than 100 cases per year. 35% performed 20-50 cases per year, 

and 23% between 50-100 cases per year. 

Surgeons were asked to indicate the implant / technique which they used most frequently. 

60% used mobile bearing knees. 20% retained the posterior cruciate ligament. Only 18% 

routinely resurfaced the patella. Computer-assisted surgery was regularly used by 15% of 

respondents for their cases. 16% of surgeons perform an average knee replacement in 

under an hour, with another 16% typically taking longer than 90 minutes. Only 10% of 

respondents don't use a tourniquet, and 10% don't use drains post-operatively. 

All surgeons use prophylactic antibiotics. The majority (95%) choose a first-generation 

cephalosporin. The duration of use varies: 7% give a second dose at 8 hours, 66% 

continue for 24 hours and 26% for more than 24 hours post-operatively. 
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Thrombo-embolic prophylaxis is often performed in a combined synergistic approach. 

85% of surgeons use low molecular weight heparin (LMWH), 10% use warfarin and 5% 

use aspirin as a chemical prophylaxis. Mechanical prophylaxis with foot pumps is used 

by 72% and graduated compression stockings by 80%. Of those using LMWH, 50% 

prescribe it for less than the recommended 10 days, and 30% use it for longer than 21 

days. One quarter commence it on the day before surgery, 50% on the day of surgery and 

25% on the day following surgery. 

For post-operative pain and swelling, all surgeons use oral preparations, 80% use 

NSAIDS, 70% use 1M injections and 65% prefer IV opioid / peA pumps. Only 11 % use 

a systemic steroid. None use intra-articular steroids or intra-articular pumps. Roughly 

equal numbers use each of the regional anaesthetic techniques; 47% prefer epidurals and 

43% employ nerve blocks. 26% use local anaesthetic in the wound, and 19% of surgeons 

use a local 'cocktail' preparation. 

For assessment of patients' pain, 23% used a scoring system such as the Visual Analogue 

Scale (VAS). The remainder of respondents employed "clinical judgment". 

For assessment of swelling, 28% used a tape-measure to assess swelling. The remainder 

of respondents relied on subjective clinical assessment. No others modalities such as 

volumetry, ultrasound or MRI were used. 
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Figure 3: Occurence of unexpected swelling post 
TKR 
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Figure 6 :Method of evaluation of pain and 
reporting the finding of increased pain 
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IV. DISCUSSION 

As this survey shows, total knee replacement surgery is not without unexplained 

problems. Whilst the assessment of symptoms is mostly subjective, all surgeons, to a 

greater or lesser degree, were surprised by the amount of pain or swelling after the 

procedure. 

Less-experienced surgeons, both in terms of age and number of cases per year, report a 

higher incidence of unexpected pain when compared to more experienced 'surgeons. In 

essence there are a few options to explain this. 

Firstly, their relative inexperience makes it possible that they have not yet recognized 

how much pain the procedure evokes. If this were so, by implication, it may suggest that 

surgical procedures on the knee evoke more discomfort and swelling than do similar 

procedures elsewhere. 

Secondly, the question of technical competence may also playa role. Whilst it is intuitive 

that more- experienced surgeons would be more technically competent, and that the 

surgical time taken for the procedure may be a 'surrogate' for competence, the study did 

not show a statistical difference for surgical time between the less- or more-experienced 

surgeons. 
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Conversely, the more-experienced surgeons report a higher incidence of unexpected 

swelling when compared to the less-experienced surgeons. This may reflect the fact that 

senior surgeons more actively evaluated and assessed the swelling postoperatively, 

indicating a greater awareness of excessive swelling which is not often predictable and 

may be a problem. 

Only 28% of reporting surgeons objectively measure postoperative swelling with a tape­

measure - the remainder being subjective assessments. A more accurate, reliable, 

reproducible method for evaluating postoperative swelling is required. One of the reasons 

for this survey was to ascertain whether a reliable and readily available measurement tool 

was being employed elsewhere that could be used in our Department, but no suggestions 

were forthcoming from responding surgeons. 

Post-operative swelling is a natural occurrence due to the inflammatory response to 

surgical trauma, but mediators have been shown to return to baseline levels by day 7. 

Reduction in swelling does not always follow. This is probably due to generalized tissue 

oedema, impaired lymphatic and venous drainage, but it may also be due to the ongoing 

inflammatory stimulus of the retained haematoma or haemarthrosis. Apart from the 

expected inflammatory response, mechanical and infective causes need to be excluded as 

possible causes of the swelling as these may be treated accordingly. 

The range of suggested causes for unexpected pain supports our hypothesis that few 

surgeons actually know why some patients have more pain than others. There is still 
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potential to investigate the ill-defined causes such as 'hyperimmunity', 'subclinical 

infection', chronic regional pain syndrome, or the role that psychological overlay may 

play. 

From this, it is clear that future prospective studies should include the assay of innate and 

humoral components that are involved in the inflammatory response to gauge individual 

and on-going responses. Other measurement possibilities would include a reproducible 

tape-measure method of obtaining circumferential measurements at levels above, at, and 

below the patella, or an adjustable sealed volumetric device. MRI scanning in the acute 

setting is a possibility, and will differentiate haematoma and soft tissue oedema, but it is 

expensive to perform, and may be more useful in the sub-acute stage to identify 

correctable soft-tissue causes of knee pain and stiffness. Ultrasonography is also a 

modality which may be of use in evaluating these patients. 

The prevention of wound haematoma by wound drainage is very popular despite several 

studies showing no difference in clinical outcomes whether drains are used or not.76
-
80 

This current study suggests that those who use drains have a lower perceived incidence of 

pain and swelling in their patients. Tourniquets have also not been shown to have a 

proven beneficial outcome, 81-83 and yet 90% of respondents use them routinely. 

Excessive postoperative pain, due to both sensori-neural pathways and inflammatory 

mechanisms, if uncontrolled, may lead to a cycle of sensitization and an ongoing 

inflammatory cascade. The lack of motion at the painful joint results in intra-articular and 
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peri-articular adhesions which in tum lead to an inflammatory reaction and more pain. 

Heuleu and Neyret84 reported that, with proper pain control, the incidence of 

manipulation after TKR decreased from 9% to 1 %, supporting the close link between the 

experience of pain and the occurrence of joint stiffness. 

Local 'cocktail' injections are gaining in popularity and are being used to good effect in 

New York by Ranawat et a1.23 and in other centres.22 This current survey showed that 

surgeons who identified pain as a post-operative problem more frequently employed this 

modality. Although not interrogated by the questionnaire, it is likely that these surgeons 

employ this technique because of their increased awareness for the need to obtain better 

pain and inflammation control in the post-operative period. 

As shown in the literature review, the surveys of patients' experience of postoperative 

pain and swelling have a much higher incidence than the reported incidences in many 

surgical papers. Perhaps such varied reporting is due in part to the lack of a standardized 

scoring or assessment of patient's pain, swelling and function. In our survey less than a 

quarter of surgeons currently attempt to assess pain using a validated system, such as the 

Visual Analogue Scale (VAS). When the VAS was used, these surgeons reported a 

higher level of unexpected pain in their patients compared to those that use subjective 

measures, perhaps demonstrating that the more one measures an outcome, the higher the 

reported incidence of that outcome - the classic 'Hawthorn effect' ! 

55 

turn to an more 

occurrence 

are are to 

to 

or assessment a 

a 

to 

measures, more one measures an 

outcome -



Univ
ers

ity
 of

 C
ap

e T
ow

n

The definition of stiffness varies. An acceptable flexion range may be 750 for one report, 

yet 95 0 for another. Flexion to 900 seems to be the most commonly recognized limit of 

acceptability.1-6 Due to limitations in the questionnaire design, the correlation between 

swelling and stiffness could not be made from the data obtained from this study. 

Many other perioperative variables were included in the questionnaire. For example: the 

type of implant used, the use of patella resurfacing, limitations of surgery based on the 

patients 'body mass index', the use of laminar flow theatres and exhaust suits, varying 

medications such as tranexamic acid, antibiotics, anti-thrombotic agents, investigations 

for excluding postoperative infection, and commencement of weight-bearing and 

mobilization programmes. After analysis, there were no marked trends or differences in 

these parameters when related to the question of pain swelling and stiffness, and thus 

further discussion is not warranted here, and dilutes the focus of the principle question. 

The results of this survey show a marked variation in perioperative management options 

amongst surgeons demonstrated by the differing responses with respect to analgesic 

regimens, thrombo-embolic schedules, and rehabilitation programmes. These are not 

always based on evidence, and often surgeon experience and training, hospital limitations 

with respect to drug availability and post-operative monitoring, anaesthetic preferences, 

and community nursing and physiotherapy services, affect the care given. Although not 

an objective of this study, finding such variation prompts the thought that there is a need 

to develop an evidence-based management protocol for TKR. However, there is 
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definitely no single way to deal with all the perioperative issues pertaining to knee 

arthroplasty, and most surgeons will continue to do what 'works' for them. 

Survey limitations 

The low rate of returned questionnaires (22%) weakens the power of this study, and 

multivariate analysis could not be performed. Follow-up enquiries cited reluctance to the 

completion of forms, difficulties with the online Excel familiarity and 'too many 

questions' as reasons for non-compliance. 

While the investigators were not 'blind' to respondents' names - leading to possible 

concerns around prejudice / bias - this information was not used for comparison of 

individual surgeons, and did not alter the analysis of results. 

With the benefit of hindsight some additional questions, in particular relating to stiffness 

and its relationship with pain, would have been added, and perhaps fewer, more focused 

questions would have been asked. A more thorough pilot study would have been 

beneficial. 

Some . potential problems with question clarity arose, for example, the temporal 

relationship of the complications was not adequately delineated. Acute postoperative pain 

swelling and stiffness does not necessarily result in or equate to chronic pain swelling and 

stiffness. 
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Also, possible numerical data (% of cases) was specifically divided into categorical data 

groups (1-5%, 6-20% etc.) in the questionnaire before data collection, which changed the 

way the data could be analyzed, and perhaps influenced the range of possible responses. 

Implications and Recommendations 

Many questions, including the following, are raised by the findings of this study. In the 

uncomplicated TKR how much pain and swelling and stiffness should one expect? When 

does pain and swelling subside? At what rate should the range of motion return? How 

frequently can a cause simply not be found despite rigorous and exhaustive investigation? 

When we can't explain it, what is causing it? 

The most obvious finding is that the frequency of post operative pain, swelling and 

stiffness is not negligible, and that less experienced surgeons report to have a higher 

incidence of unexpected pain after TKR. Also, from the review of the literature, there is a 

high rate of patient dissatisfaction with the short- to medium-term outcome of this 

procedure, and thus future patients need to be made aware of the high possibility of these 

occurrences. 

As a result of this study it is highly recommended that future research, guided by findings 

arising from this survey, should be undertaken. 
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v. CONCLUSIONS 

From this survey of South African surgeons, of varying degrees of experience, 

perspectives around the prevalence and potential causes of unexpected pain, swelling and 

stiffness after routine total knee replacement procedures, it seems evident that: 

1. Unexpected pain, with corresponding swelling and stiffness is indeed a problem, and 

is not uncommon irrespective of surgeon experience. More often than not such pain and 

swelling cannot readily be explained. 

2. Less experienced surgeons - whether in years or number of TKR operations performed 

each year - report a higher incidence of unexpected pain. However, more experienced 

surgeons had a greater awareness of unexpected swelling. 

3. Reduced levels of unexpected pain and swelling are reported by surgeons who use 

drains, and by those that have shorter surgical procedure times. 

4. Surgeons employing the 'local cocktail injection' technique and objective quantitative 

evaluation methods (such as the VAS or a measuring-tape) report a higher incidence of 

unexpected pain than those that do not. 

5. The reported operative and treatment practices vary widely between surgeons. 
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Part D: Appendices 

A. Accompanying letter 

B. Questionnaire 

C. Departmental Research Committee approval letter 

D. Ethics Committee approval letter 

E. Future TKR research proforma 

F. Published article 
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UNIVERSITY OF CAPE TOWN 

, 

Dear Dr. 

Division of Orthopaedic Surgery 
H49 OMS 

Groote Schuur Hospital 
Observatory 7925 

Cape Town - South Africa 
Telephone: (-27-21) 406 6157/8 

Telefax: (-27-21) 4472709 
e-mail: johan.walters@uct.ac.za 

Re: Questionnaire on Pain, Swelling and Stiffness post Knee Replacement. 

Professor Walters and I, as part of a multi-tiered investigation have formulated 
a brief questionnaire regarding the problem of (unexpected and unexplained' 
pain, swelling and stiffness after an uncomplicated TKR. We hope to gauge the 
scope of the problem in our specialist field and which treatment or 
interventions may playa role. 

I realise that time is precious, but I would like to request approx. 6 minutes of 
your time to complete a straight-forward questionnaire, which is in excel 
format for ease of completion. Please save to your computer with your name 
as file name, complete your name on the first line, and then save again before 
returning as an attachment via email. 

Your co-operation in completing this by return of email would be greatly 
appreciated. 

My thanks in advance 
Yours Sincerely 

Ben Garrett 

"OUR MISSION is to be an outstanding teaching and research university, 
educating for life and addressing the challenges facing our society." 
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KNEE PAIN I SWELLING I STIFFNESS Questionnaire 
Prof. J. Walters, Dr B. Garrett 

Knee Swelling and Pain, for reasons other than Haematoma, Infection and DVT, is common, 
but variable, after Knee Replacement Surgery, and on occasion this is more than what one 
would like to see or expect after this surgery. 

In a small number of these, the accompanying inflammatory response affects the outcome 
of the procedure with stiffness or loss of range of motion, well below what is considered 
acceptable. 

The purpose of this Survey is to assess the perceived incidence of significant and 
worrisome Knee Pain, Swelling and Stiffness after an 'uncomplicated and straightforward' 
TKR. In addition, an attempt will be made to assess any relationships between pain, swelling 
and stiffness, and whether or not various interventions appear to play a role in limiting or 
aggravating this complication. 

Your co-operation in completing this simple questionnaire will be greatly appreciated. 
Please include those patients you have treated primarily and those referred to you. 
Please indicate one option per question. 

Question 1" Demographics " 
1a)00 you practise mostly in Private? 1 

In State? 2 
1 b)Number of years experience? 

<5 1 
<10 2 
>10 3 

1c)Number of cases per year? 
<20 1 
20-50 2 
50-100 3 
>100 4 

Question 2 
Indicate the implant I technique used most frequently for standard TKR. (If you use more 
than one option frequently, restrict reporting to one specific implant or operation technique) 

2a) Bearing 
Fixed 1 
Mobile 2 

2b) pel 
Retaining 1 
Substituting 2 

2c) 'Mobility'/Flexion design 
'Standard' 1 
'High mobility'/flexion 2 

2d) Fixation 
Cemented 1 
Uncemented 2 

2e) Procedure 
Standard 1 
MIS 2 
CAOS 3 

2f) Patellar resurfacing 
Yes 1 
No 2 
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Question 3: Pre-op Management 

3a) 00 you have a weight threshold for surgery? No 1 
<110 kg 2 
<130 kg 3 

3b) 00 you have a 8MI threshold for surgery? 
No 1 
<40 3 
<45 4 
<50 5 

Question 4· Operation technique . 
4a)00 you use laminar flow (UF) Yes 1 

No 2 
4b) UF with body or head exhaust suit Yes 1 

No 2 
4c) LlF with 'enclosure' Yes 1 

No 2 
4d)00 you Use a tourniquet Yes 1 

No 2 
4e)lf Yes: Average Tourniquet time: ( mins) 

<60 1 
60 - 90 2 
90 - 120 3 
> 120 4 

4f)Tourniquet application Esmarch 1 
Elevation of leg 2 

4g)Exsanguination Before skin prep 1 
After skin prep 2 

4h)Haemostasis 
Do you Cauterise vessels? Yes 1 

No 2 
4i)lf Yes: On the way in 1 

On the way out 2 
4j)Use of drains? Yes 1 

No 2 
4k)lf Yes: Size Y4 1 

Size /a 2 
41)Surgical time (skin to skin)minutes 

< 60 1 
60-90 2 
90 - 120 3 
>120 4 

4m)00 you do bilateral TKR 
Same day sequential 1 
Simultaneous 2 
Interval 3 

4n)Post op management 
Compression DressinQ 1 
Immobilise in Extension 2 

Flexion 3 
Ice packs 4 

40)00 you use CPM? Yes 1 
No 2 



Univ
ers

Question 5: Medicallnterventions 

Yes No 
5a)Postoperative Analgesia 

1 )Epidural Catheter 1 2 
2)Peripheral nerve block 1 2 
3)Wound Infiltration using: 1 2 

LA 1 2 
NSAI 1 2 
Cocktail 1 2 

4)lntra Articular LA Pump 1 2 
5)PCA/ IV 1 2 
6)lntra Muscular 1 2 
7)Oral AnalQesia 1 2 

5b)Cyclocapron (tranexamic acid) 2 2 
5c)Anti-inflammatory: 

1)NSAI 1 2 
2)Steroid: systemic 1 2 
3)Steroid: Intra articular 1 2 

5d)Anticoagulation 
1)LMWH 

Day before surgery 1 
Day of surgery 2 
Day of surgery 3 

2)Duration 
7-10days 1 
10 - 20 days 2 
> 20 days 3 

3)Aspirin 1 2 
4)Warfarin 1 2 
5)Foot Pumps 1 2 
6)TED stockinQs 1 2 

5e)Antibiotics: 1)Duration 
8hrs 1 
Up till 24hrs 2 
More than 24hrs 3 

2)Antibiotic of choice 
Cephalosporin 1 
Cloxacillin 2 
Other 3 

Question 6: THIS SECTION DEALS WITH PAIN 

6a) To what extent is knee Pain after TKR more than you would expect? 

Never 1 
Seldom 2 
Sometimes 3 
Mostly 4 
Always 5 

6b) How do you routinely quantify Pain? 

Reproducible objective tool (eg Visual analogue scale) 1 

Clinical experience/judgement 2 
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6d) How frequently can you find 'adequate' reason for the pain? 

Never 1 
Seldom 2 
Sometimes 3 
Mostly 4 
Always 5 

Question 7: THIS SECTION DEALS WITH SWELLING 

7a) When is Swelling of the knee after TKR more than you would expect? 

Never 0% 1 
Seldom 1-5% 2 
Sometimes 5-20% 3 
Mostly 20-80% 4 
Always 100% 5 

7b) Subsidence of (uncomplicated TKR) Perioperative Swelling usually occurs by: 

Week 1 1 
Week 2 2 
Week 6 3 

Month 3 4 
> Month 3 5 

7c) How do you quantify or measure Swelling? 

Yes No 

1 )Clinical estimation 1 2 

2)Tape-measure 1 2 

3)Figure-of-eight taping 1 2 

4 )Displacement Volumetry 1 2 

5)Ultrasound I 1 2 
6)MRI I 1 2 

7d) In a swollen painful knee, with no other signs of Infection, what percentage would you 
attribute the following causes? 

1 )Subclinical Infection % 
21Nickel Allergy % 
3)Plastic Allergy % 
4)Hyper-immune Response % 
5)Retained Haematoma % 
6)Chronic Regional Pain Syndrome % 
7)Mechanical mismatch % 
8)Psychological profile % 
9)Other 
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7e) How do you exclude Infection as a possible cause of excessive swelling? 

Yes No 
1 )Routine Examination and XR 1 2 
2)Blood parameters (CRP, ESR, WBC) 1 2 
3)Joint Aspirate 1 2 
4)Bone Scan 1 2 
5)Re-operation, Washout and Culture 1 2 

Question 8: THIS SECTION DEALS WITH STIFFNESS 

Post op 'mobilisation' 
8a) Do you have a pre-op physio programme? 

Yes 1 
No 2 

8b)Commence flexionlextension on (post-op) day 
Day 1 1 
Day 2 2 
Day 3 3 

8c)Standing 
Day 1 1 
Day 2 2 
Day 3 3 

8d)Weight bearing (partial) starts on 
Day 1 1 
Day2 2 
Day3 3 

8e)Discharge day after surgery 
< 5 days 1 
5 -7 days 2 
7 - 9 days 3 
> 9 days 4 

8f)Acceptable ROM at discharge 
< 70 a 1 
700 

- 900 2 
900 or more 3 

8g)At what stage would you consider an MUA? 
Before 7 days 1 
Before 14 days 2 
Before 6 weeks 3 
After 3 months 4 
MUA not considered necessary 5 

8j) What factors inhibit the return of the Expected ROM after TKR? 
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TKR PERI OPERATIVE MANAGEMENT PROFORMA 

Demol!raohics 1 Stud~ no. 
Name 
Folder number 
Contact details 
Date of birth 1 Age 1 

Date on waiting list 
Date of surgery 
Date of follow-up visits 1 1 1 1 

Back!!round 
Diagnosis 
Previous surgery I Injury 
Occupation 
Co-morbidities 
Medication 
Fitness for surgery 
Consent form 

Pre-ooerative 
Ligament laxity AP ML 
Swelling measurement 1 2 13 4 5 
Stiffness flexion extension 
Mental state anxiety d~Qression 
Function stick ADL's 
KSS score 
Oxford knee score 
SF-36 score 
Pain Score (V AS) 
Leg legth discrepancy 
Quadriceps strength 
Neurology 
Vascular 
Back motion 
Weight/BMI 
Status of other knee 

Pre-ooerarative DIan 
Radiographic findings 
Deformity 
Alignment 
Bone stock 
Patella height 
Templating 
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Perioperative 
Antibiotics 
Antithrombosis (mechanical) 
Antithrombosis (chemical) 
Preemptive Analgesia 
GA / Regional 
Spinal/epidural 
Nerve blocks 
Laminar flow 

Intraoperative 
Surgeon 
Assistant 
Approach 
Deformity 
Bone loss 
Osteophytes 
Balancing 
PCL 
Prosthesis 
Patella 
Tourniquet 
Tranexamic acid 
Drain 
Blood loss 
Local anaesthetic 
'Cocktail' injection 
Closure 
Dressing 
Range of motion 
Difficulty 

Postoperative Dose. duration 
Analgesia IV Epidural 

1M N block 
Oral NSAID 

Compression 
Splinting extension I flexion 
Ice packs 
Antibiotics 
Antithrombotics 
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Rehabilitation in ward Day 1 Day 2 Day 3 Day 4 DayS 
Mobilisation 
Weight -bearing 
ROM 
Swelling 
Pain (VAS) 

Follow-uo measurements Week 2 Week 6 Month 3 Month 6 Year 1 
Functional Scoring (KSS) 
Radiographic scoring (KSS) 
Pain score (V AS) 
Swelling measurement 
ROM (FIE) 
Inflammatory markers 
XRay 

Comnlications Date and details 
Wound dehiscence 
Wound drainage 
Deep Infection 
Prolonged Swelling 
Prolonged Pain 
Stiffness 
MUA required 
Nerve palsy 
Loosening 
Fracture 
Other Systemic 
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"t lhe", p'oOlem, aLllUll~ l"r>" ' LI ' g""h in SOLl LI, Alrica:md 
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Folio"in~ lili" the inLenli')II i, "' l,-",i'<mn a J'IrO'IlCC'ive 

stl'1y gui ded h)' rt"l'OOlmeoo.liom on "" l!' 1'001 U" , "'It''''), 

Materials aud methods 
A ,urve'y uJ' S.dh -" I neon knee '"T,o,C'~" wa. l",rtoTTlo;,d 
"'i'l!' llle ~'I'h""," 1'<,.- the Sol'fb Atnc>tl Ortbop""dic 
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Th,,> 280 'Ilo<>1ionnai rc. w,rt" ><"nl to ~"""'ali" and 'pe­
e,. I"t " "1'<0"> "»0 poerfOffi1 ""al k .... ' ,"p l a"Ll""'~>, 

QucMjotl1lairc 

FoIk""ng a P' '''' <lU<Jy "'~"'""" to< II"" '''''g n .. ><.1 ~a!a 
OOIlteet ",'" 0",",,,,,,1 from' """""i"i d ",,_ TI", """tion, 
oo,'e",,1 1lL"lnp" ~'pec" <>f I"ri-Of'C"'""e "-,,,,,,n,,,'" "",1 
care' uf a ~L"'nL a I',,,, a """I .""c rcp lacellLc:r" (TK R) 
iocloom~ Ll,e JOIb ' ing: ,",\,c"n (k'''''grap/nc'' impb.,~ 

""uiaiom" ope""'i,,' "CllUi~"e, ioclu!ling "sc 01 i<.Jumi­
'I"'"", 1,,,,,m.Na";, wld <lrau"¥" ",,,dbl 1lI!<f\'elltion' 
,,,,1,-.1''1> ,",all'"''", ,""ocoagulat"",:mel fU.n*"" u",", TIr 
i rc~\eoce of 'more pOln lhan ",., <' f'<Cted' :l,J, d the ubi l, ty 
to ~kmfy oa"", for Ih'" pa., were , 1", e",m, red, a, wa, 
the "ern""",,< of 'more ,,,,el li ng th,.., ".." <xpocte(!" .Ild t"" 
"""""""'I~ "f tl"'t ,,,"elling_ ' I he inW'li g>1Xl" <>f idwioo, 
Lhe ",,,hili'''''011 p"'g ",mmc. "",I ,he eo.,,;'ieTatim <>f 
",''''il'''l<O.i')II for "illl"''' wen; ~I", "",h.bl. 

Stine} definitions 
I'or 11"" 1""'1" )"'" 01 lili s "",Iy II"" 1011"'I,ing d"tinlUon, 01 
te,m, u><li", «luting 10 ,ymf'!omulOlo~y "pply 
'l ne,pected" impl ie, a ,"hject'\e ""."n",nt of 'l,oh 

occ",reoce In the "'I"rienc< of the o"",["\,eT_ 
\T1l"'plail~'(1" implie, ~ 'l' mplOllL ", h,d, cannot j", 

,huwn 10 ),",e a '''''lOn"",blc c"u'c_ 

M,"~'urc"'cnt 
The q"e"lOruLaI!e wa, mnh'Ncd inl" an Exc,'1 bo.'ed 
'1>rC,.N"Cl for e'",a,1 commm"c,"iu" aoo onli ne mmpJc­
IlOn_ Ttl<" "'po,"']e"t> "" re ~roLlp<"J .,,,ord'ng to lilen 
r.sro"'" to ti,e qu"stion, on pain ' 00 ''', Ihng, 
S"h''''luent oomI"T"t"' •• m)l";' of 'he '",,-rbrion, OIl peri­
Ofi'-'",tove parallLet,'" in thc,,", g""'p" "'"' lloen I',rf.mncd_ 

Results 
ot th e 2~1l ~."''' io"naire, ,ent 0 "' , h i Te'fIOTl<\ent< 
returned ~ O()(lLpiel",1 4Ll .. ,"i"ruoaiT,' (no;} ). Thi ft y_ two I"'r 
c,'nl u r II", r'-"p"'..JcI"'" we',,' al", "",,,,",,,,, uf II" ""LOIi1 
Al ricaJl KJre Soc,dy, NLnrt)-two ptr "Ill (~6161) ot 

report'n~ ''''l'eon, I""''' '''" 'n tl'" p'''':tl< <ector L,,,­
e\ pen"TlC",1 " '-g<on, « 10 ye'''i eompo,,,,1 14 '"' (2 I 1(, I ) 
all...! ,urg,'on, with H""" ,han III l','m' ,'xperie'l"'" m",\e 
lip ()I\S;· (401~1) 

TI"" nlll1llx-r 01 cos<, I"rforn ... J eacb y'a, '<'u' al>(l 
la).. ,n as a me""re 01 "'ptne""e, ",.th 17 (28'. ) 1""'­
forLll"'g ,,,,, erth, n 20 ]'K I{, pef;"or. Onl) e'ghI11,,",) 
"high_'olume" " " g""n, pt,fonned O)ore th,n IW 0"," 
P'" )','ar_ TILifty_livc' I"'r C"I~ pcrf(){JT)Cd 20 511 ca,e, pc. 
yc:lr, ",>i.l ll'k belwecn 5{) a,>i.l If() ca"" pcr y,'or. 

S",,,eo'l> ",rt> a,k,d to i,><.1icate the l<cllr"4',dimplanl 
wili eb Illey "",d "lOst f"'4"", ,,tI)'_ S"ty I"" C'" l LI ""'~ 
JOObo I, j",arin~ KJl'e,_ 'I"""nty per <elll rt"taLTrli llle ro'Te­
rto' CIl""",e I;~ oment. (Ielv I ~'k mllt ,e.I, L-el ",rticeli ,j", 
p",,,lla. Comp'''.r_a"i''ed <I,,!, ery "'", .e8ulaTly ,1>",1 oy 
IS'" uf re'fIOndel"' f.x- tl>..' ir ea.s., . Sixteen I"" een ' of 
,"rgool" pcrJurm an ."ctl£e ' :nee replace'ment in ull<lcr 
Un hum " ilh ""I) 'OOLI>..'T Ib'i< Lyp,call), L ""'i lL~ I""ger 
Lhan 'Xl mi'",Le,,, Onl) l ifk ur rc'I" ,oJent> do 001 ,,>, a 
Loo"'i4"<I" all<! I 0''; do 1H( "'" dram, f"'.lopcr.dl" , I)" 

All '" 'gt"On,",," propb),loclic ,llIihlOli", TIle majonl), 
I~Yl') cl)O(l>' a t;,-"t-~e,,,,,ra lj 01l cepiJalosponn 
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110.' II"",,,,,, 0' "'" ,,.,,',. ~, ~,,< ..... "' ... 1 <1", ;" ~ 
, .. ," WI ,_,n"" I,,, ~~ , .... " .......... ; l ... lInc ...... ~~ 

",,"" I"""'P'F.I1""'~ 
ThA"''''' '"""~.. ~rfl''''''''' ,,'I.~I I".,-j,,,,,"--.l In • 

",""t-.~. " ""rco"'< 'n'"_-h Lo~hlt Ille 1""-<1"" or 'to" 

~' '''' .... ' k", "",IMltu ''''t"' '"",,,uolL.MWII 1_ 10'.\ "',: 
\\'><f,.,n .II<! N u,,· .". ,," "' ,'1.."11"",,1 F"'!J'I1.I"" 
M,,,""",,,.l ['ffi!111) ,,,;, ~"h !,'o(~ 1" ""1" " ">cd h; 71', 
""J r ,:>.lu""" ,·"m(X\'";'-',, >I'''~'''~' b; lim, or (1)),,­

,,'II'\: I.W.' I I. "11 f<",,-nl." " ~. I,'" [h.m tiLe I('«",L 
".,.,,.}.'" ") wp. "00 '.Y~ "" 11 1« ~"'9-'r I~A 21 tko" 
I"~"l" , .. " .... ' ,....,1 ,"OOlII~ .... " .1 . ,n 11 • .uy ""fro"< "'" 
"''t'). -qf "" II.: Ib, "I .... "".y.,01 ~5' .... tIr da~ ~,I 

."'''1 ,",url1)' 
1-<. I'"~~''''''''' '' I"In ......... ,11,,'1' .• U ""'l"' .... u,"" ,..-.1 

, .................. Mr. ",,· ... \411"1> W; II,,: 1M I .. ~t. "" a .... 

1"-, r,,'Ie" II ",,><'*111' .\ "'""" Uut- II',; (W.' a,)' 
t" I~>'; IV' VI U \ p ,"<' ","' H~'" _ ,ul .. "I", "",,><l:. (. ,!>If> .>r1" 

"'" l"n'I". )(" ,!-1,1) ,,~utl '''' '',1'>1''' ''''. ,,,,,j, ul Lho.: 'c'P'''' 
01 •• "',11-', ,,' ,,,'1""1"''"' 47" 1,M.', Ll",u"b ."J ,ty. 
<n'r "':o ,,,,,, ;.I " h II"",) ~'I'" ,',,., , .... ""'.oJ ",.",>-,,..t. " L , ... ~ .. ,"'l..,>(l IW; .4 ""I.'<""''' L ..... I<o~ '",, ' 
, ... 1' 1'f''T''''''L ...... 
I,,, "",..,"'LU '" ,...,,,, .. ,' poo' •• !V, ._ .. " .... inr 

')"~n, , ... h , ...... \ ",..] M'~ ''''' ..... I~ 'YA.~ , n... 
,",,,,,,ncl;, ~"'pk", eI",,,.1 IOOt"",nI. "or 3~"....,.n"'''' ,or 
.",'II"'~. 2~<, ~w a ",..,·m,-...'.',' W """'''' ,,> "linf. :-;,. 
('<I"" nOO<Jol""." 'U;~ ., >()j"~~ . ,,),, ul!r>",",>(l 01 MRJ 

""" ~,,-J 
\\ Iltl ,he' he'~"'1 oj ~i'\(I"il •. ~ "" " ,,,"!Oi k,1 ".<rro~,"iOll 

~IOO~I I",·. he,'n oo<l-11.,k<" " ,,11 ,,£.,,1 (0 ",ff""" 
I.""· ....... , ~f.i 01 W'll""'" ,d ... P<>''''* I", • ,," :-<y>c~"'''~ 
J'I')" .. """'ry iY<W."""'", rr~""""""~' "\:UllI" '" LIll'IT 
"'" """r:ori,? ""'I>' no Lo", uu."" i'I»wp..,.",,,d)'. 2~'1 ,~ 
,~"'p_, nri>oj,,,,, th.:I, ,.... ...... , <'II 4.) 1 ~ "" do, ~ 
.ond !.~'. '"' &) , !iol.") p."1' ,,,,.- ~I ... "'~"'" " ~I ., .... 

ol>eu 1"'''''''' Iu~" "illt <'lit ,10:> .. " , 
\\"Uh "y.onl w 1"""1''''''111&' 11 .. '","'''' ''''' uo&-< ,,~ 

... I M! A 1 lOr • ""If ~"' ... " OO"i ",lI ..,..,,~ .. , \1\ IA 
",I"," ~ ",~'lJ,. 25'1 onJ) ,",,11 .... 1..".11 \1 I A .It .... :I rrooIh>. 

, .. Ill J ~';. <ill r"! ""'~('" L<II ,\ll ,\ '0 b< n<'C"'ial}' .r .,11 
( ",I) ,." .. ""p,,.kn< dL1lJr...,;I t",Wr W 1<"' "1<1,, pain than 

,,,,.....1!'\J I~ , ... P""'P'·",j,, " pi""": \ h !i<~t>m I ~ . <C~ <>f 

, ....... > .... Un, ""'~ ohon tl>.', "'IW''''' "hrr ... , f,/) '" 

"'f""I',j.ll1 i"',.k ..... 01 (,.lO'; ~ ... ",",..-d "",",-f'l..,,';W 

,,"'n ~"" " po.n"rni h>d~ h'~ ' ... ..., ' ..... 121 lOin I,.., . .. ' ,. 

1"'''''''' Il"'" In It .... pal'''''''' If,~"" I, 
0. .. u, .... ""'r....1 1"'" " <'S,.,~. ,.II) ""'"'f'I;u ...... '0 the· 

!NJ""l!y oj' a>L">. "" ~,lt ,I>< ,~, f"l ~dird a """",. 
n ...... ,non 9.1'. (~' ,he ",,>c, nllnphr .... P" un< '"")~' l''' ...... 
';'l~ • ," u"' .• "d onl) 17" _". \",~",",I ,,,,. thc~' ""''>li. 
ft , .. , a CoL,,"": 10< Lin> 1""""1"" ~1'" ('0 i" I !;i~",~ 2) 

11.llf tl .. "'f',rd-~IL> "~Joc,, ,; "" w""r""" ,'d ",,,,,,,,,'fa' 
"W ,,,,,lIiDg III '" A jIIOOl.m, IV: II .. ,~h.', Wi ... , ~nd 
,"d"~t.> t.....,., , ..... I I ~") , .• ,.,....,J L~ ""' .. ,-en if .. """ 
1'1'l (of l/k"w co .... .., IF,~", J' 

'" ,', I, \\'n l,' , ~O IO P'~.~l 

---

.~ 

.~ .-
\: n, .- I • , ," 
,~ ~ .. • " - - - -. ~-""', _., :» ..... ' 

" .. .. ,-
j- -,-

I -: ''''' I '" .. .. -- - - . - -. 
" .. q ,., .. ", , ..... " ' 

I,~"" , ( .u" ,d"",h,d "., "''''1'<·" •• 1 

I'A'" 

-- ,- ", 

j '" 
,~ 

• ~ , ... .. 
~ - - - - -" "'". ._, .-

I,~"" \ ,)"!!t",,,, ... t ''''''1'''''',1 ""II",~ 

I"'" I KU 

Fg, g~lape'alrtt pain and !well'"~, 811 SU'ge<ln, 
11M ort! prep,,,alooos. 80'~ lIW ,.SAlOs, 7!l"'.lIS<! 1M 

tn+eChons 3fld &5">0 prelfr IV 0QI0IdI1'tA pUII1P5 
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( l'o l ~'O"'t1 "· ..,01"" ~ ~h 1 ~ ! "hI« ""I ,h.' ("1li' ''I''"",1 
Ie ... ,,( """ci""", ~'"'' u",;J. ,\ p. "k~' ,~ . <1\ OS w", ,'",­

,iJl'TeJ \<, lI.Jinu, ,,-,1,,,,,,0] 'lj!nllic"~',, I· •• · u.. p"~" ,,," 

" Ii]]., >II'.!)" "'>I~o!:n'> ... ,'re """,h I 'oW ',m t 'nt,p" 
I""", 'trMn '~ , "" "l("~' '''-e 01 '''''['.'<If,1 r"", :>r.t:l 
U>Jv' rq"''''' ' j'' n'I"",,' I} hlth ne i"'''''''' of "·;'-'I'-,,~-d 
r"" .. 1 , in,; l" 'A,~,,,,,nt ion "', l'--rf,)flneJ 1,.,- ,"rUing 

I1lL" (}j ' ''' (" <»OOol.-nts. 
!I (.1Vk) "'I"'Wi! a""" ioci-kllLc ,,.- u""pcclcJ I'"ill 
'n ,h.-I[ pat i o,~, I<.\<' ()f '"""""" 
40 (M'k) "'I'~J • I<ighc" l1o.:i"'","c pr "''''-' I''l'I,'.1 
p, i" rn t1oc" palK'I1l> (,.t>'J'i. oj' ",,,, .• ) 
:1" (52%) n:1'K 'C~1 , I"" 1oe,0<,",,' ~, "","peol,'O 
,welling «Y1 uT c"",") 

]<J .~~%) 1\'I"-,,t<-J • h,Ci"r ,,,,· .. kIl o< '" U""'I' :""'" 
,,,('11;11£ (:;,.Iit ,~ 00"-' <), 

,---• "' , -• ~, ! , .. , , -, 
~ 

• 
" .",. ... . '" ""'",." 

' ''',_ ·'1(." .... .'~ 

h~" .. ~ l<I'I,,,,,,,d "",n'rU,,· "I h,~hp, 

It~<j"~"" "I """'1""'..1 1'"'11 ,d.",,,~ t" 

'u<~. "". '1" '" '''' 

II>- d"," "'" 'lfkol,,,,llm ,"",d,.,,-, gmf""nl M I,'n:""" _ 
,,",'1\,,"," ,i>.- t roup' With "" J'O,' lln Jc'IT"g"'p/m', ,uIll"'o] "'" 
,,,,,h""l"""r.J ,,' '''r J'""l ''I'-'",ti", ,all.hl.:>. ",.. 
l"" "'I'-'ri,,,,-,-'J 'u,~" .. c, lCl'HLCd" I"~"'" "",,\'010' , >j 

u""I'-'ci.;d p.i1lL ,I,,,,,,: "I" l~'llu"l",.1 ("'W,'( th'" ~II ,"~" 
pc< )l'", 176'4) ,,1""1<' ",b,) P<"rto",~,.l rtlor.' 'h," II ~ ) 

ca"', J1"r ye, ,. (21'~) Irxo.O.I). SUIll"'-rly. (~. those wI. , had 

<In y,m "'peri"".\."' 'Ill'} "'1'J<LcJ "I~'xp<"'",,1 p>ill " 
5:10;,; of ,I."" wJ., 1",1 >10 )"';lI> e'reDonel' (p<:IJ.U~) 

(Fi~ure 4). TIll, ',<ociaIlO<l ""' ,tal"!,,.II), 'igr .f(co",_ 
1'1", ""&' 0'" "."" 1001: I""£,,r ' 0 l'O:rr,k',", . TKR .I~, 

TeJlCMted , h(gher ine iJ,oc< 01 u"-,,!,,,c"!.'J p.i,,: RO"i "I 
'u,!,'"'"' who ltd. k>ll£cr th,,, 00 mHl" I" were III the 
fH~lr wilh • hi~l",r il1( o.J.'lI Cl' of "1lC'f'l'l'kd pain 
11"'0.(5) (Fi~"rt 5), 

'I~ ~J ,!!'''"' """ liSt',"" ~A~ "-''''Tlg ,y,"n f,,, P"ITI 
as""~fk' I" "'ponco. h,£hec in", ,,,,,,,, of UJ""'JlC<I;,J pa'" 
fmm their paL",,,,,: Str'iC " ('jf,i ,{ th""" '"11) "~'1f dilll<'lIi 
Nirru"" (p){l,m) (Fi~ ,,,, 6), 

Su~eskd l'al"," hx """'J" ilx'd r'u" ore """"Jed in 
h~"rt 7. " "~ ret, ined """'Rl101lkl .ormiJorc-d ,h.: ITO'" 
11,,1, 

The ,u,!,,~Xl' who", p"lk'nC' had • 1I'I.ti ;d)· high ilRl­

"'''"" of UI>.."I"C"'" pam iii '" ref'Jrl::d , hrgl ",r ""i "-' ",1: 
ul m<"p::deJ ,,,d",,£ (87%), "', mo,,, ofi,," ' mil not , 

hi£ IIe ' i oe~kt1C< of """'['''i" l [l-01ll " """","",J ,,"h ""we 
(u"''''P''"re.l) ""lI lng "'tty_r,mo r<' ",nt of u.,<t; "I., 
reJlOlk'J a 10... ,"ci",,,,-" ,{ rain a"'o loaJ , low i'Kid...'''''" of 
,~~'lIlng (,<0.0') IF'g"u Xl . 

. \ "",. wh"h i, ">me" h.t l,,,nu'r-il~Ll i l",'l' ;'; Ihr' lOR! 
thai ,wclli"g w,,-, ro: .",e" lQ be"" n.Il'I<", , (>oDIl).'rtl frH: 
tb.' ir~"renc,,,e,l ' Wgl"'" a> !l){ th" l',pericl"",d ,u~o"" 
OOl I), 29% 0/ 'A"l:C"0rlS '~,i"~ <](I lo"")''''' ~'<'"' 1<1 ,he 

t'"'''J! "'roni 11£ • h,~her i'>OI""''' ', 01 "wll'''K rnrl 7~'k (If 
,ho", <hong ;> 100 .0'''''")'''- w"'"" in '~al grour (p<0.0.5) 

The <u rg<",,, """ dJd "0' u'"' droiT¥; , I", "'f'llTlcd a 
higher ioe i<>.,,,,,, 01 ram: Str% ,., 1>1% we-r,' in Ii,,' hlgb 

,oc'i",,,,,,' gmup (1';>(1.2). 11,i, ,roLi r ,~. "'I1c,~" "I,,, 
'q)(>Th,J m()" ,,,,ol h,,£ (71 % " 44%, (Fi~ "". 9). 

.. - .. -
f,)(""" ",,,~,,~I ",,,,, • ..I.("t/ t .. h'~h,', 

tt '~l'" n,. "I lit" 'r~' tt d p"""p.,r .'''' p~," 

.. -""". 
"' -! ""., ""'., -• 40'., , , lG" 

" .,', 
• " . C IInicl!I 

I,t.""'· " In, "It nw "I I")(h,,t II< 'j"P"" "I 
I',,-,n ,,,14,,·J ,,, ,., dl","""" "I r~'" 

Less e~perietlGed surgeons reported a higher 
inoidence 01 unexpected p"in and surgeons who 

tool< long.r to GOIIIlplete a TKR al~" r""~t.d a 
higher incidence of unexpected pain 
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I,KU'" '! Intlu.·", ,- "I d,",n> IOn r~I''''kd 

1"gh .. , t,"'lu,>,,,, ,,( "''''~rt'~tcd IMIII and 
,,,..11m): 

Nmot) rer """ of ,,,,,, " I., u,,,J lot. 1 pc-n'anL""lar 
m"''';''''' "ilh. 'we".il' or '~~IIl' we", in til<' hL~h~r 
",.;i<lelltc groop "r "punrd oot'J':C[W [\l1n. r~ i ' " " 
oohlble <It'vlOlioo, .Ithoo~h IICI\ ,"ofl>tlC.lly "gl~'k"Tl(, "' 
00 utll'" "oo l ~""c ,og"""" lIL11Ol"ci 11\>11' the a,o r'g< 
""1""'><' oj 11'K {~'''' po 'n inCI""o.;.] " (,(,% (hlgh« 
[<1m lO<lllrllCe) {h~un' IIJ)_ 

," WinterlOIO Pa~< 6.1 

h>r.1l the (~hf.'!" pamIT"-'"'' i ll'e"i~.t,,j th,'''' "wC' '" 
rnar\,,-o p",i';,e or [~'~al"c 0.-,,,,,,,,, Ir"", the l'~·,n l" 
w:m"" lunh,', ,',-,Iu,u",] 01 <>o,tl"'"'' 

Di~ .. u~~io !l 
A, th" ",,,cy ,""w,. n:R ,",!,cr, " r>:~ 'IlIl'>lJt U[. " 
phm"! I'mhk'm', Willie (I>.' ","''''1'.:", uf ',,,,rIOlO' " 
,,,,,, I) ",~cC(iw, . 11 <u rg""", (U" ~,,-'at'" ur b"" Je;o'Q'. 
""Tt' ""J'f1"'-'! ~" tl~, .lIOUL" ul J'i1[1 UT ,we'll",!, ,,1",'0 th .. , 
d.:lr" ",)'cello ,',>.;u.d", all" II, ' l.,,,:,","'r~ 
U'" "'P"nmccJ >u r~""" ' ''1",1 , 1""I~r ,r, ',do>,,,~ ~t 

"'=1""101 pam .. hen c,,~"",,\ 'n mor~ "'[0'"">,;,,,\ 
>u'g" "" \\ h,lt' th" " ""'" l'k" l) ,lor '" til<' I...;, tho' tll<', 
hal'" ,loCO! j"t fi'C~£(lI"'<I rml Ihj, r~>cc,h.-o .'",",1;0, lTl<"" 

I"''" (han ThO) LXI"''', ir i, [I<)"ihk that (I",i , ,"'g .... al 
"I"',;.'nc< mal rl" • mk ,lth<>ugh II"'Tt,,,,» [~, drllcr 
<r"" in koglh' 01 th"atrt' rime 1>.:I"",'n Ih<: two pu,~" 

Th<' more "'J'<'fi""" ,J 'Ulg""" Iq>.)Tl a tu~htr 1I>C'­
de,,,,' n~ LJOCXI"ct,,J , .. dl",~ "I,~",' , '"'1"",,1 It> th~ "'<"_ 
1''-'''''TK"ru ,"I~com, '1')", "": ", Ihl' )',."'" "".,,,,,' " 
I ,~ ~<l'e",'" I'"""",,.,,t,,. ,w" ll, ''t), '" 1t ""')' fCr<""'T>I " 
d,tlt',""", "'Ttoe lelt'l 01 ~'f"'ClM"'<l "'-'[Hen (h...'''-' ''''n 
gn)IJp' ~r ,urg""n,_ 

In gc",-,,"!. thc 1oc.1 ""'" T~'1""'>< i' pI,,!""'iollol t,) 
lhe Je;ort" uf ti»LR' lrdunl. "old " m,t",,<,o ~)' lilt clntt,ng 
c",,,.,,, re''' iti HIl m tll< IniRf:ll ''''' 01 Inli<lmm",,!) 0<11, 
10 ,.,. <1'~ 01 in)u!) (\,,>linc< "" Ilk: m.jo, m,:d,,,,,,, 
,"(1 maim,,"",, "r the i"n.mmOlor), rC'f'U",e ' 
Ir.crkul.in-I 111. -1) and tUlTL~UT otero'i, Tac[('H< (I " I 
(l) are rdeoseo b, oct1"a[,,1 Inoc'rol'l1'g<" ""U 111<"""') te, 
"hlCh ",,"u l al~ 1'<' lco" nl 11._(, "'hlCh " Ill< rTl-,,,n 
cyTGl ,,,,, ""1"'0,,01" tor the 'Y""m 'c chang« b"",n" 
It." acute ph,,,,, "O<f")[l'<:, C)l"'"'' Icwh art' Hla,;m,,1 Ol 
24 h" . [.:1 ,,'[]lam cb"",,'u lor J8-72 hrS 

i'Dstup""'ti,' , ... ~l l i"~ is , 'mrm~I ' ""c"nenc~.Joe tn 
tll~ ,,,'lam ,nate", r~'11CIn" 1" "IT~,,',I ",mm" ~t m"Io:, 
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Wound drainage is very popular despite several studies 
showing no difference in outcomes whether or not drains 
are used. 1114 This current study suggests that those who 
use drains have a lower perceived incidence of pain and 
swelling in their patients. Tourniquets have also not been 
shown to have a proven beneficial outcome,15~17 and yet 
90% of respondents use them routinely. 

Excessive postoperative pain inhibits motion leading to 
intra-articular and periarticular adhesions which in tum lead 
to an inflammatory reaction and more pain. Heuleu and 
Neyret18 reported that, with proper pain control, the inci­
dence of manipulation after TKR decreased from 9% to 1 %. 

Acute pain results from mechanically-, chemically- and 
thermally-induced damage to tissue integrity. Skin, cap­
sule, synovium and bone nociceptors are all activated in 
response to noxious stimuli, and lead to neurotransmitter 
release in dorsal hom nuclei of the spinal cord, and relay 
information via the thalamus to the cerebral cortex. 19,20 

The understanding of the mechanisms of pain is becoming 
clearer, and more emphasis is being placed upon pre-emp­
tive and multimodal analgesia with the focus on local and 
regional techniques. Multimodal analgesia addresses multi­
ple mechanisms of pain, and has been shown to decrease 
requirements and side effects of individual agents.21,22 

Local 'cocktail' injections are gaining in popularity and 
are being used to good effect in New York by Ranawat et 
al. 23 This current study showed that surgeons who identified 
pain as a postoperative problem more frequently employed 
this modality. Although not interrogated by the question­
naire, it is likely that these surgeons employ this technique 
because of their increased awareness for the need to obtain 
better pain control in the postoperative period. 
It has been shown in reports that unexplained pain varies 

from 4% to 18% at 6 months. Elson and Brenkel' evaluat­
ed their series of 622 TKRs and found an incidence of 4% 
unexplained pain at 6 months. They report that half of 
these patients recovered over the subsequent 5 years, and 
that surgery for unexplained pain had a poor outcome. 

Brander et al. 24 show that of the patients with significant 
pre-operative pain (72%), almost one-quarter (22.6%) 
still had excessive pain by 3 months, which reduced to 
18.4% at six months postoperatively. However at 12 
months, one in eight patients (13%) still has unexplained 
pain. After 5 years, while nearly all of these patients were 
satisfied; 5% still had unexplained pain.25 

Perhaps such discrepant reporting, from the incidences 
reported in Table /, is due to the lack of a standardised 
scoring system or inadequate assessment of patients' pain, 
swelling and function. In our survey less than a quarter of 
surgeons currently attempt to assess pain using a validat­
ed system, such as the VAS. When the VAS was used, 
these surgeons reported a higher level of unexpected pain 
in their patients compared to the subjective group, per­
haps demonstrating that the more one measures an out­
come, the higher the reported incidence of that outcome -
the classic 'Hawthorn effect'! 

CLINICAL ARTICLE 

Similarly, only 28% of reporting surgeons objectively 
measure postoperative swelling with a tape-measure -
the remainder being subjective assessments. A more 
accurate, reliable, reproducible method for evaluating 
po stop swelling is required, but no suggestions were 
forthcoming from this questionnaire. Tape measures are 
often inaccurate and operator-dependent. Water vol­
umetry is the gold standard, although its use is imprac­
tical in the postoperative setting.26 An opto-electric 
device, the 'peropter' has been shown to be comparable, 
and laser scanning and bio-electrical impedance meters 
have been used but are not readily available." 

The definition of stiffness varies. An acceptable flex­
ion range may be 75° for one report, yet 95° for anoth­
er. Flexion to 90° seems to be the most commonly 
recognised limit of acceptability.l~6 Unfortunately, due 
to limitations in the questionnaire design, the correla­
tion between swelling and stiffness could not be made 
from the data obtained from this study. 

Stiffness may be due to a mechanical restraint resulting 
from imperfect surgical techniques, component malposi­
tioning, or soft tissue constraint. It may be due to muscle 
tightness from prolonged disuse, or muscle inhibition 
from painful stimuli. It may be due to intra-capsular adhe­
sions and fibrous band formation (Table /l).3~5,2932 

Manipulation is an effective form of management for 
the stiff TKR, although care needs to be taken not to 
rupture the patella tendon or cause a fracture. Both 
Daluga et al. 33 and Yercan et al.5 have shown that an ear­
lier manipulation under anaesthesia (MUA), less than 3 
weeks postoperatively, yields better results in the long­
term than those done between 3 weeks and 3 months. 
Sixty per cent of respondents reported performing an 
MUA before 6 weeks. Twenty-five per cent preferred to 
wait 3 months. There was no difference between these 
groups with respect to the reported occurrence of pain 
and swelling. 

The results of this survey show a marked variation in 
peri-operative management options among surgeons, as 
is demonstrated by the differing responses with respect 
to analgesic regimens, thrombo-embolic schedules, and 
rehabilitation programmes. 

Many questions, including the following, are raised by 
the findings of this study. In the uncomplicated TKR 
how much pain and swelling and stiffness should one 
expect? When does pain and swelling subside? At what 
rate should the range of motion return? How frequently 
can a cause simply not be found despite rigorous and 
exhaustive investigation? When we can't explain it, 
what is causing it? 

Manipulation is an effective form of management 
for the stiff TKR, although care needs to be taken 

not to rupture the patella tendon or cause a fracture 
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