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Assessing Preoperative Pain  Sensitivity Predicts the Postoperative Analgesic
Requirement and Recovery After Total Knee Arthroplasty. A Prospective Study Of 178

Patients.

Abstract:
Background:
To study the correlation between preoperative painsitivity and postoperative pain and

analgesic requirements for patients undergoinggyrtotal knee arthroplasty (TKA).

Methods:

Between December 2018 and April 2019, the painites of 178 consecutive patients
undergoing primary TKA was assessed preoperatweély a digital algometer. The patients
reported the VAS (visual analog scale) score aethinstances of needle prick (phlebotomy,
glucometer blood sugar, intradermal antibiotic tkste), during the range of movements and
completed the DASS (Depression, Anxiety, Stresdebaxore. Postoperative VAS score,
analgesic requirement, and physiotherapy milestasgs recorded in all of these patients on
day O to day 4.

Results:

The average age of the patients was 64.13 year6%thélo were females. Females had lower
mean algometry values (56.12 + SD12.77) comparedaies (71.09 + SD18.78) (p<0.001).
Higher DASS correlated with lower algometry valye$].001). The postoperative VAS
score was 2.54 £ 0.59 on the day of surgery whicheased to 3.27 = 0.69 on day 1 after
mobilization (p<0.001) and reduced to 1.67 + 0o62ay 4. Low algometer score correlated

with higher postoperative VAS score (p<0.05), ilased analgesic requirement, and opioid
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utilization (p < 0.001), delay in achieving an opgim range of movements (p<0.001) and

independent ambulation(p<0.001).

Conclusion:
Preoperative assessment of pain sensitivity pregicstoperative analgesic requirements and
recovery. Patients with a lower pain threshold &thdae counseled preoperatively and also

receive a better titration of analgesics periopegft and prolonged physiotherapy.

Keywords:

Pain sensitivity; VAS; Multimodal analgesia; Algotee Total knee arthroplasty

Type of study: Prospective case series
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I ntroduction:

Despite the latest advances in total knee replasesuegery (TKA) involving newer designs
in prosthesis and advanced surgical techniqued;gpasative pain is a significant factor
affecting patient satisfaction and overall outcddie Earlier experience has been that nearly
half of the patients undergoing TKA presented veixtreme pain immediately after surgery
[2-6]. Severe postoperative pain after TKA is naty an unpleasant experience to the
patient but also negatively affects postoperateeovery [2,7,8]. Inadequately controlled
peri-operative pain is a risk factor for early ypsrative complications and also long-term
pain [1,7,9-11]. Individuals with uncontrolled sex¥@ost-operative pain have higher chances

of developing chronic knee pain post-TKA becausthefsensitization of the nervous system
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leading to long term dissatisfaction [9,10,12,13hexplained pain after TKA without an
identifiable problem is a major concern[5]. Pain multi-factorial and managing
postoperative pain is complex. Often there is agrdese of postoperative analgesics [7,13—

15].

Studies have shown that substantial variabilitystesxibetween individuals in basal pain
sensitivity (BPS) and modulation, as assessed uguantitative sensory testing (QST)
studied in both normal subjects and patients wittogic pain [16]. Algometry is a reliable
objective assessment of BPS and has high Intra- iated-observer reliability [17-19].

Further studies have shown that BPS and pain tbieés{PT) is dependent on many
demographic factors like the female gender [20,high anxiety levels [22], pre-existing
pain, younger age, and opioid dependence [1,23]hypethesized that identifying patients
who have a lower pain threshold and adjusting pestdive analgesic requirements
accordingly would be one of the key factors fortéepain relief after TKA and will also

avoid the overdose of analgesics.

The techniques of postoperative pain control heayaoved and multimodal pain control,
rapid recovery protocols, and out-patient arthrsigldave become very popular. In the USA
in the second quarter of 2019, 36.4% of total kartleroplasty was performed as an
outpatient procedure according to the Medicare us¢idnal patient-level Medicare Fee-for-
Service Part -A claims data. These rates varie@hyidcross hospitals from 0% (10th and
25th percentiles) to 78% (90th percentile)[24]tHa systemic review on the safety of
outpatient arthroplasty, the reviewers have coredutiat the patients recruited for outpatient
joint arthroplasty were younger, more active, aad suffered from fewer medical

comorbidities than the more typical lower limb aohlasty patient. Further research is also
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needed to establish the optimal perioperative pa$o[25]. Independent risk factors for
developing a complication or requiring an inpatistaty after a TKA included general
anesthesia, body mass index >35 Kgfilimbetes, chronic obstructive pulmonary disease,
congestive heart failure, hypertension, malnutitiemale gender, age >75 years, minority
ethnicity, and an American Society of Anesthesiatsgscore of 4 [26Knowing the pain
sensitivity will always be an added value bothtfer patients undergoing surgery and the
treating surgeorlhis study aimed to measure the pre-operative thagshold (PT) and

correlate it with the postoperative analgesic rezqaent in patients undergoing TKA.

Materialsand Methods:

After obtaining Institutional Review Board (IRB) @oval, a prospective observational study
was planned involving consecutive patients undeigdikKA between December 2018 and
April 2019. 269 patients underwent primary TKA chgithis period. Patients undergoing
revision TKA, bilateral single-stage total kneeleggments, neuropathic joints, patients on
cardiac pacemakers were excluded. All the patiexrtes] the pain by VAS to the investigator

during four instances pre-operatively namely:

1. Drawing blood from the cubital vein for blooahsple collections.
2. Subcutaneous injection of a test dose of c&fm®e 0.5cc over the forearm.
3. Measuring the glucometer random blood sugargugin-prick from the tip of

right the index finger.
4. Pre-operative range of movement(ROM) of the aipex knee.
All patients then underwent pain threshold (PT) saeament by using a digital algometer
(Fig.1). This works on the principle of faradic @lecal stimulation with two electrodes
applied to the skin with constant pressure. PT taksn as the millivolts required to elicit a

sensation of pain within 10 seconds of applicatMeasurements were started from 20 units
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and gradually increased by 10 units and stoppedwhe patient felt a discernible sensation
of pain. The mean of three values was consideredfasl PT. Each patient underwent PT

measurement on the (i) medial side of the operdne®, (i) non-dominant hand over the

first dorsal interosseous, and (iii) on the napehef neck [16,17,19]. Algometer readings

were recorded from the digital algometer. All rewdi were taken on the day before surgery
by an arthroplasty fellow and these values wenedekl from the observers who recorded the
pre-operative and post-operative VAS.

The psychological analysis was done with Depresstoxiety, and Stress Scale (DASS)

self-reported scale [27-30]. The DASS is a sethotd self-reported values designed to
measure the emotional states of depression, amaety stress. Each of the three DASS
values comprises 14 items, adding up to a totdRatems. It was administered just after PT

recording. Simultaneously Knee society scoring (K88tem was used.

Analgesic protocol:

All patients received oral paracetamol 1 gm, adeaac 100 mg, pregabalin 75 mg with
methylcobalamin 1500 mg, and alprazolam 0.5 mg len riight before surgery, as pre-
emptive analgesics [6,31,32]. All the patients weperated under combined epidural and
spinal anesthesia with tourniquet inflated throughthe procedure until the setting of
cement. Patients received peri-articular infilmatiof 30 ml ropivacaine 0.5% with 15 ml of
normal saline. Post-operatively patients were gi@eradductor canal block (20 ml 0.2% of
ropivacaine + 10 ml of normal saline + 8 mg dexdrasbne) to the operated side and
buprenorphine 10mg/7 days skin patch. Intraven@uagetamol 1 gm was giveﬂ‘ &ourly,
intravenous ketorolac 30 mg was given 12-hourlyhienday of surgery (Day 0), followed by
oral paracetamol 1 gm thrice daily, oral acecloéeb@0 mg 12-hourly, oral pregabalin 75 mg

with methylcobalamin 1500 mg HS throughout the ftasstay. Intravenous tramadol 100
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mg in 100 ml normal saline or intravenous fentadylmcg were used as rescue analgesics
after recovery from spinal anesthesia. In patientls chronic kidney disease and acid peptic
disease NSAIDs were replaced with intravenous tcerna00 mg 12-hourly on the day of
surgery and oral paracetamol 1 g TDS + oral tran&@omg BD for 4 days. All patients
received butorphanol 2mg on the night of surgeryaeasedative. Oral alprazolam 0.5 mg
given on the following nights for sedation. Any ethopioid or other analgesics used or
repeat nerve block or epidural top-up additionahise protocol were considered as additional
analgesic requirements. Intermittent pneumatic gesgioon device (IPCD) and aspirin were
used for venous thromboembolism prophylaxis for @dtients except for patients on

clopidogrel, which was restarted after drain renhova

Physiotherapy Protocol:

Patients received CPM (continuous passive mot&tajic quadriceps strengthening exercise
for the operated limb on the day of surgery undawva block. Full weight-bearing of the
operated limb commenced from day 1 postoperativehder the supervision of a
physiotherapist. The range of movements was ass@sseperatively and postoperatively on
days 1 - 4 postoperatively. CPM was increased dailyolerable limit and the maximum
range of movement achieved was documented. Thefoe@thysiotherapy assistance during
ambulation and toileting was assessed on days 2 gstoperatively. All patients achieved
a minimum range of movement of ‘%hd were able to walk independently at the time of

discharge.

Postoper ative assessment:
The patient reported VAS at 2, 6, 12, and 24 hquostoperatively. From day 1 to 4

postoperatively VAS scores were recorded at resting CPM and full weight-bearing
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walking. The mean of all three values was takernctomparison. The VAS score recordings
were done by an independent observer (orthopeditgmaluate) before surgery and on days
1-4 postoperatively. On the day of surgery, theesewas recorded by the nurses in the high
dependency unit. All these observers and anesthetere blinded for the algometer values.
The total analgesic utilization was calculated frone case file and the physiotherapy
assistance was assessed by knee ROM toleratedORith, walking distance, and need of
assistance for toileting and mobilization distaonedays 2 and 4. The analgesic requirement
on the day of surgery and first-day post-surgerg Wacided by an anesthetic team in the

high dependency unit and on subsequent days hyrthepedic team.

STATISTICAL ANALYSIS

Categorical variables were presented in numbeipancentage (%) and continuous variables
were presented as mean = SD and median. The noynadlidata was tested by the
Kolmogorov-Smirnov test. If the normality was rdpst then the nonparametric test was
used.

Statistical tests were applied as follows-

1. Quantitative variables were compared using Mafimtney Test (MW)(as the data sets
were not normally distributed) between the two gow@and the Kruskal Wallis test (KW)
between more than two groups.

2. Spearman’s rank correlation coefficient was usealssess the correlation of VAS score at
rest with at movement and preoperative VAS withtposrative VAS.

A p-value of <0.05 was considered statisticallyngigant.

The data were entered in Microsoft Excel and amalyss done using Statistical Package for

Social Sciences (SPSS) version 21.0.
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Results:

178 patients were included of which 123 patien@4€y were females. The average age was
64 years (58-70) and the majority (94%) of patidrad osteoarthritis and the remaining had
inflammatory arthritis. Valgus deformity was seen 15 patients ranging from 5 to 20
degrees. The varus deformity ranged from 0-20 amgrdhe associated co-morbidities
included diabetes in 61, hypertension in 96, hypatidism in 20, heart-related ailments
[ischaemic heart disease(IHD), atrial fibrillatiédy), rheumatic heart disease(RHD)] in 24,
kidney-related illness (chronic kidney diseaseyatied renal parameters) in 7 and others
(cerebrovascular accident, bronchial asthma, a neiroobstructive pulmonary
disorder(COPD), etc.) in 18 respectively. Estal@dsipsychiatric illness was present in two
patients (one with depression and the other wigolar disorder) who were on treatment
with antipsychotics for several years.

The average algometer value was 60.74 = 16.37 €réty66-120). For correlation of
outcome to algometer values, the patients weradedvinto 4 groups. <40, 40-60, 60-80,
>80. The distribution of patients in each group/té, 49%, 34%, and 10% respectively
(Table 1). There was no correlation between agé.4p, preoperative diagnosis (p 0.14),
fixed flexion deformity (p 0.5), or severity of aemity (p 0.74) with pain threshold. The
correlation with other parameters and the analgesgyuirement is as given below. One
patient in <40 group, 3 patients each in the 4@36fup and 60-80 group had a deranged
renal function in whom NSAIDs were avoidddone of the patients was opioid-dependent.

All smokers ceased smoking at least 2 weeks beimgery.

1. Sex, DASS & pain threshold:

The average algometer value for females was 56112 &7( range 26.66-90) and male 71.09

+ 18.78 (range 30-120). A significant associatioasveeen between gender and algometer
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average and the algometer average in females ga$icantly lower than males (P<0.0001),
Fig.2. 88% of females had an algometer value okfethan 60 units (p < 0.0001). A high
algometry value of more than 80 units was seerv¥ Bf males compared to only 0.01% of
females. These values have been shown in table 1.

A significant association was seen between demnesanxiety, and stress scale scores with
the algometer values (p <0.0001). The mean valudepfession, anxiety, and stress was
significantly higher in patients with low averagiyaneter value as compared to patients
with high average algometer value. With the incegasalgometer average from less than 40
units to more than 80 units, the mean value of ekgpon, anxiety and stress decrease from 5
+2.351t0 0.65 £ 1.06, 8.23 + 2.28 t0 3.12 + 1.8 8.69 = 2.32 t0 5.12 + 2.03 respectively.

This has been shown in table 1.

2. Preoperative VAS score, Knee Society and Function score & Algometric values:

The preoperative visual analog score during bloamsh@e collection, antibiotic test dose,
glucometer random blood sugar (GRBS) and rangeaMements were 2.48 + 0.85, 2.98 £
0.74, 1.21 £ 0.89 and 7.25 + 0.91 respectively. Teximum pain was felt during the

preoperative range of movements (Table 2). Lower dlgometry value higher was the
preoperative VAS score (negative correlation, pgak0.0001). A significant correlation

was seen between algometer scores and knee s&omtyscore and functional score (p <
0.001). The mean value of functional and knee $pa@eore was significantly higher in

patients with higher average algometer values (pestorrelation).

3. Analgesic requirement & Postoperative VAS score
Postoperatively, the average visual analog scaotfi@im24 hours (day 0) was 2.58 + 0.59. On

postoperative day 1, this increased to 3.27 + (a6, then afterward a declining trend was
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seen from 3.27 £ 0.69 to 1.18 + 0.58 from days 4 tpostoperatively. The VAS scores of
different algometer groups at different periods giken in Table 3 and Fig.3. A significant
association was seen between the requirement dfemies and total opioids utilized
(Morphine mill-equivalence, MME) per day with thig@ameter scores (p<0.0001). The mean
value of intravenous paracetamol, oral paracetanaol] total opioids utilized was
significantly higher in patients with low averaggameter value when compared to patients
with high average algometer value. This has besorited in Table 4. In the < 40 group, 3
patients required repeat adductor canal block aRerrs and 2 patients required epidural top-

up as rescue analgesics namely nerve blocks andispiere inadequate.

4. Postoper ative ambulation & range of movements.

The preoperative range of movements was compairablefour algometry groups (p 0.509).
The range of movement was 90.87 = 12.53 preopeigtiThe VAS value increased on day
1 postoperatively after mobilization and CPM (p<gLp On days 2 and 4 postoperatively, a
significant association was seen between the rarigmovements and algometer scores
(p<0.0001). Mean value of the range of movementstgperatively on day 2 and 4 were
significantly lower in patients with low averagegameter values as compared to patients
with higher average algometer values (p< 0.000kis Thas been shown in table 5 and fig.4.
The preoperative algometer score and VAS scoresahamnificant association with the
postoperative requirement of assistance for amibuland toileting. Patients with higher
algometer average scores (>80) did not requireagsistance for ambulation and toileting by
day 4 postoperatively. This was in contrast to Y6.df the patients with a low algometer
score (<40) requiring assistance even on day 4dopesttively (p<0.0001) (Fig.5). All the

results are summarised in Fig.6.
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Discussion:

This is a prospective study done to assess thd pasasensitivity of patients undergoing
knee arthroplasty objectively using a digital algaen. We have shown that the patients with
low pain threshold (low algometer scores) have éigiostoperative analgesic requirements,
took longer to achieve optimum range of movementsiadependent ambulation . Hence, a
proactive approach is necessary in providing bgtéen relief and a pleasant postoperative
experience in such patients. This is the firstanse where algometer readings were directly
compared with postoperative pain and the analgesjairement on the day of surgery and
during the postoperative period. Therefore con@hato other studies in the literature is not

possible. However, individual factors are compdreth different studies.

Studies have aimed to determine the preoperatiliedtors of acute postoperative pain and
outcome after a TKA[13,21,22]. Most of them havedisubjective methods of assessing
pain and other factors to determine pain and ouécorary few studies have been done using
combined objective and subjective factors to meaguain and outcome in orthopedic
surgery. With algometer, one can objectively qugnltie pain threshold of an individual in a
reliable manner[16-19,33]. Quantitative sensortirtgssuch as von Frey pain intensity and
heat pain threshold has been shown to correlafgeo and postoperative pain scores[23].
The visual analog scale score is a time-provenestibe means of quantifying the pain of a
patient [33,34] and has been shown to correlatl aigjometer findings in earlier studies
[34—36]. This prospective study has shown that bpwing the pain threshold of an
individual preoperatively, we can titrate the amsig requirement for the patient

postoperatively to enhance pain relief.
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Female sex and pain threshold:

Meghna Nandi et al. in her study on preoperatiierd@nants of postoperative pain, female
sex significantly correlated with heightened pregsal pain sensitivity and post-surgical
pain intensity and correspondingly higher requiretred postoperative analgesics[20]. Linda
S. Chesterton et al. in their study on healthy nt#dars demonstrated that females exhibited
significantly lower mean pressure pain thresholdhim first dorsal interosseous muscle than
males, which was maintained for fourteen repeatedsures within 1 hour [36]. In our study
we recorded similar results with females havinghdigantly lower preoperative algometer
scores compared to males and hence had higherppostoe VAS score and analgesic

requirements postoperatively.

DASS and pain threshold:

Surgery can cause psychological stress and anfoetgatients. In the DASS assessment,
many patients had higher preoperative scores faregnand stress and low scores for
depression. The mean value was for depression(@datéhal, 0-9), anxiety 5.24 (normal, 0-7)
and stress 6.98 (normal, 0-14) respectively. Tlsesees were in the higher limits of normal,
especially in patients with low algometric valuetma mean of 5, 8.2, and 9.6 respectively.
A significant correlation between preoperative DASS®res and preoperative pain sensitivity
(algometry) (p<0.0001) was seen which indirectlyamse these patients had higher post-
operative pain and analgesic requirement. Thisesogpresents the emotional status of the
patients as it affects the pain perception processidies by Patricia R. Pinto et al. [22] and
Kornilov et al [21] on preoperative determinantspofstoperative pain has shown that pre-

surgical anxiety significantly correlated with hleigned pre-surgical pain sensitivity and



300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

acute postsurgical pain intensity and corresporgihggher requirement of postoperative
analgesics. Patients with major depressive disasperience increased perception of pain

and higher opioid consumption following total joarthroplasty [9,10,37-39].

VAS score and pain threshold:

Patients with higher preoperative VAS scores hgtidr acute postoperative pain, requiring a
higher dosage of analgesics in the immediate pesitipe period. In the study comparing
the preoperative VAS score with postoperative fimmeti outcome by Victoria et al. they
found that, despite there being no significantedéhce in the preoperative knee society
function score between patients with a preoperd¥i®& score < 40 and > 40, there was a
significant difference in the knee society functiscore at 6 months and 1 year. A greater
preoperative pain predicted worse function as miéid by the knee society function scores at
1 year after surgery. Greater preoperative pain jpitedicted the use of more home physical
therapy visits and longer inpatient rehabilitatetays. Patients with greater preoperative pain
had more postoperative manipulations than patierits less preoperative pain [10]. In our
study there is a strong correlation between predper VAS scores with algometer values
and hence it can predict delayed recovery posttipeha

Christopher et al. in their study assessing pos&ipe pain and opioid utilization found that
the mean and standard deviation of the “The NR&in{lrical Rating Scale) was 2.08 + 2.84
in the postoperative care unit (PACU), 3.43 + 206%the day of surgery post-PACU, 3.78 +
2.47 on postoperative day 1, 3.9 = 12.6 on pos#tper day 2, 2.96+ 2.5 on postoperative
day 3. The opioid utilization ranged from 3.8 tagt2dng/d, with a mean of 81.6mg/d and an
SD of 45.1mg/d. The average pain NRS scores and NIWt&Ephine mill- equivalence) per
day significantly correlated, with those reportihggher pain scores also requiring higher

total daily opioids[39]. In our study, the postogiare VAS score was 2.54 + 0.59 on the day
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of surgery which increased to 3.27 = 0.69 on dag and reduced to 1.67 + 0 .62 on day 3.
The mean opioid utilization was 84.27 + 137.62 (pone milligram equivalence, MME)

which is comparable.

The pain management protocol we have used is ire lwith the standard
recommendations[41] and now the adductor canalkblaith peri-articular infiltration is a
standard practice[42]. In a study by Qiuru Wangletomparing adductor canal block with
posterior capsular infiltration with adductor bloalone, the VAS values at 24 hours and 48
hours during rest were 3.51+ 1.04 and 2.62+0.8peas/ely and 4.93+1.03 and 4.71+ 1.22
after movements[42]. This variation with rest andvement has been documented in our
study with mean VAS score being 2.58 + 0.59 witbdnhours (Day 0) and increasing to 3.27
+ 0.69 on day 1 following mobilization in the loigameter group (<40). There is also the
wearing off of the effect of the adductor canaldBl@nd the intra-articular infiltration after
24 hours. Patients with very poor pain toleraneealgometer scores < 40 will benefit from
repeat adductor canal block on day 1 postoperatiVwever, in our study, only 3 patients
received repeat adductor canal block and no saamfi correlation could be drawn. For
patients with high pain sensitivity, having highirpgcores (VAS > 6) in the immediate
postoperative period epidural top-up analgesia@theer option. In our study, only 2 patients
received epidural top-up and no significant cotrefacould be drawn. Epidural top-up or a
continuous infusion comes with the drawback of getarehabilitation due to weakness of
the lower limb musculature but avoids over-dependemn opioids. Though these blocks and
epidural analgesics have shown to reduce opioigwoption[7,14,15] patients with lower

algometer scores required analgesics and opioi@$@her dosage and for a longer duration.
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VAS and postoper ative mobilization:

Maximum pain is experienced on the first postopegaday after mobilization. This has been
reported by Gerbershagen HJ et al. [43] and thsskdeeen the case in our study. The mean
VAS in the < 40 algometer group was 4.36 + 0.52henfirst postoperative day compared to
4.15 £ 0.8 on the day of surgery. This is truedibthe other groups as well. Rackel BA et al
reported that patients with severe movement paopgeratively were 20 times more likely to
have severe movement pain postoperatively. Qu#wétasensory tests performed
preoperatively on 215 participants scheduled fongateral TKR measured before surgery
and on postoperative day 2, showed that predicibrsoderate or severe movement pain
were higher preoperative movement pain, von Freyn patensity, and heat pain
threshold. Significant predictors of moderate teese resting pain were higher preoperative
resting pain, depression, and younger age. Thesdtgesuggest that patients with higher
preoperative movement pain and depression are hketg to have higher pain following
TKR, and younger patients may have higher restiagh.pCutaneous pain sensitivity
predicted movement pain but not resting pain, ssiyg that mechanisms underlying
movement pain is different from resting pain [23r study shows that both resting pain and
movement pain were higher in patients with lowegoatetry values as resting pain was
assessed on the day of surgery itself. The postbperpain corresponds to higher movement
pain, which again is significantly correlated tovlalgometry values. Hence our TENS type

of algometry is useful for both types of pain.

Further significant association (p<0.0001) was tbbetween preoperative algometer score,
VAS score, and postoperative requirement of asgistéor mobilization and assistance for

toileting. Patients with higher algometer averageres (>80) did not require any assistance
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for mobilization and toileting by day 4 postopevaty. This is in contrast to 76.4 % of the

patients with a low algometer score (<40) requidsgistance even by 4th postoperative day.
To conclude preoperative pain threshold measurearehpreoperative VAS as a measure of
pain sensitivity is a reliable method of evaluatidine pain sensitivity was significantly

higher in the female sex. In patients undergoingl tktnee replacements, those patients with
high pain sensitivity have more postoperative pasquire more analgesics, and have
prolonged post-operative rehabilitation. In cortirastients with high algometric values may
be considered for fast track protocol. The digiiglometry is a non-invasive objective testing
of pain sensitivity and can be easily administefBus could be added as a part of routine
pre-operative assessment so that we can optime@dbktoperative for these pain-sensitive

patients.

Limitations of our Study:

Our study is not without limitations. Only one métla of measuring pain was used
(electrical stimulation vs pressure pain threshalot-cold pain, etc.). The readings of an
algometer are variable from patient-to-patient &inte-to-time. We tried to overcome this
limitation by repeating three different readings &ach patient and calculating the mean.
This is a short-term study, and these patients teée followed up for the long term to see
the effects of acute pain on chronic pain and toiselation to algometry. Thirdly is the
qguestion of the relevance of this study in the efafast track protocol and day-care
arthroplasty. The average stay in the hospitabtorpatients was 4 days. The hospital stay is
inexpensive and it's covered by the insurance. 6@¥e females and the average age of our
patients was 64.13 years. 25% of our patients hagmtomorbid factors including renal
failure, heart disease(IHD, AF, RHD), previous k&obronchial asthma, and COPD. But the

article deals with the evaluation of the perceptdrihe pain of the patient and if it can be
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assessed reliably by a preoperative algometer stioyit will have relevance even to the
group of patients who are now undergoing day-cafer@plasty because these patients do
feel the pain in the first few postoperative dafteratotal knee replacement. Despite these
limitations, our study is unique and there are \fexy studies that analyze the effects of pre-

operative pain sensitivity with analgesic requiratrend postoperative outcomes.

Conclusion:

Preoperative assessment of pain sensitivity pregicstoperative analgesic requirements and
recovery. Patients with lower pain threshold shdmddcounseled pre-operatively and also

receive a better titration of analgesics periopeggt and prolonged physiotherapy.
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Tables

Table 1: Association of gender, depression, anxiety, and stresswith algometer.

Algometer average (units)

Scores <40 (n=13) | 40-60 (n=88) | 61-80 (n=60) | >80 (n=17) | Pvalue
Female 123 11 (8%) 73 (71%) 37(0.3%) 2 (0.01)
Male 55 2 (3%) 15 (27%) 23 (41%) 15(27%) | <0.0001
Tota 178 13 (7%) 88 (49%) 60 (34%) 17 (10%)
Depression | Mean+ SD 5+235 259+1.74 | 1.23+1.03 | 065+ 106 | <0.0001
Anxiety Mean+ SD | 823+228 | 582+196 | 435+145 | 312+ 158 | <9o001
Stress Mean+SD | 9.69+232 | 7.74+198 | 582+138 | 512+203 | <90001
Table 2: Preoperative visual analogue score
Algometer average (units)
(Mean + SD) =20 6180 >80 P value
(n=13) | 4060(=8) | g0 (n=17)
VAS score- Intravenous | s g0y 38 | 2854052 | 1.98+05 | 1.24+075 | <0.0001
blood sample collection
VASscore- Intradermal | 150 g8 | 3301047 | 25+054 | 206+043 | <0.0001
antibiotic test dose
VAS score - Glucometer
RBS edtimation 277+044 | 159+0.58 | 0.65+ 0.61 0+0 <0.0001
VASscore-Duringrange | g 274 544 | 76+054 | 672+061 | 618+113 | <0.0001
of motion
K nee society score 3254+6.84 | 3651+7.62 | 4223+7.35 | 39.88+9.1 [<0.0001
Functiona score 1846+ 474 | 31.1+9.84 | 4292+86 | 43.94+ 12.93 |<0.0001




Table 3: Postoper ative visual analogue score

Visual analogue scor e at
different time periods

Algometer average (Newton)

<40

40-60

61-80

>80

(Mean = SD) (n=13) (n=88) (n=60) (n=17) | Pvaue

At 2 hours 423+101 29+ 0.77 217+ 067 | 1.24+0.75 | <0.0001

At 4 hours 3.54+1.05 3.14+0.86 2.23+0.72 159+ 0.94 <0.0001

At 6 hours 3.15+0.99 258+ 0.72 19+0.73 118+ 0.95 <0.0001

At 8 hours 2.62+0.77 243+ 0.74 185+ 0.84 141+0.94 <0.0001

At 12 hours 3.15+0.69 2.38+ 0.68 218+0.72 | 1.82+0.88 | <0.0001

At 24 hours 415+ 038 349+ 061 2.83+059 | 206+0.56 | <0.0001
Average VAS Day 0 347+034 2.82+0.32 219+0.34 | 1.55+043 | <0.0001
Post-operative day 1 4.36 + 0.52 3.61+0.39 279+04 235+ 051 | <0.0001
Post-oper ative day 2 3.31+£0.32 272+ 0.32 208+ 0.42 1.35+ 055 | <0.0001
Post-operative day 3 249+ 0.32 199+ 0.36 128+ 0.49 0.76 + 0.39 | <0.0001
Post-oper ative day 4 195+ 0.27 148+ 04 0.79+038 | 041+0.28 | <0.0001




Table 4: Descriptive statistics of amount of analgesics given over 5 days.

Dose of analgesic used

Algometer average (Newton)

P value
Mean + SD <40(n=13) | 40-60(n=88) | 61-80(n=60) |>80(n=17)
Intravenous Paracetamol(g) | 4.31+ 1.11 351+0.74 3.03+0.18 3+x0 <0.0001
Intravenous Ketoroloc (mg) 64.61 +16.64 |60.68 +11.12 58 + 10.86 60+ 0 0.206
Oral Paracetamol (g) 1569+ 1.11 | 13.14+1.81 | 1213+£0.72 12+ 0 <0.0001
Aceclofenac (mg) 784.62 £ 55.47| 781.82+ 98.9 | 773.33+ 144.82| 800+ 0 0.74
Opioids (mg) 35.19+ 15.09 | 11.28+ 13.23| 0.67+3.62 |0.59+ 2.42| <0.0001

Table5: Association of range of motion with CPM at different time periodswith algometer.

. Algometer average (Newton)
Range of motion 2050 5180 P value
Mean + SD = g - —
<40(n=13) (n=88) (n=60) >80(n=17)
. 92.69 +
Preoperative 1201 89.6 + 13.07 925+111 90.29+ 14.9 0.509
Postoperativeday 2 | 34.62+ 10.7 | 49.15+9.74 63.83+ 8.6 7353+ 7.45 | <.0001
Postoperativeday 4 | 64.23+£9.97 | 74.83+7.93 87.92+ 6.2 98.53+5.23 | <.0001
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Figure Legend:

Fig.1: Digital Algometer. The alternate current isconverted to direct current. The
intensity of the direct current can be controlled by a voltage controller (a) which can be
read off a LED display(b). Thiscurrent can be applied through a probe(c) to the test

subject(d) .

Fig.2: Association between gender and algometer values. Females have lower algometric

values.

Fig.3: Association of postoperative visual analogue score at different time periods with
algometer. PO VAS 2 -24 indicates VAS recorded on the day of surgery in the HDU
from 2 hoursto 24 hrs postoperatively. Higher VAS scores were recorded in the < 40
and 40-60 algometer groups. VAS score also increased on postoperative day 1 after

mobilisation.

Fig.4: Association of range of motion during CPM at different time periods with
algometer. The low algometer groups had lower tolerance to CPM and range of

movements achieved was less even on the fourth postoper ative day.

Fig.5: Correlation between algometer values and independent toileting on postoper ative
day 4. Even on day 4 patients with low algometric values have difficulty in walking to

therest room and using the western commode.

Fig.6: Flow chart showing the algometry groups & outcome measured. Patients with the

least scores(<40) required more medications and their recovery was delayed.



