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Summary

Purpose: To ascertain whether the Royal London

Hospital test is reproducible, sensitive, and spe-

cific for diagnosis of patellar tendinopathy.

Methods: Fifteen consecutive athletes with patel-

lar tendinopathy were prospectively enrolled and

compared with a control group of 15 non consec-

utive athletes with Achilles tendinopathy. Two

testers examined separately each patient, using

manual palpation and the Royal London Hospital

test for diagnosis of patellar tendinopathy. High

resolution real time ultrasonography was used as

standard for diagnosis of tendinopathy and as-

sessment of tendon thickness.

Results: The palpation test presented significant-

ly higher sensitivity compared to the Royal Lon-

don Hospital test (98 vs 88%; P=0.01); specificity

was 94% for the palpation test and 98% for the

Royal London Hospital test (P>0.05). Positive and

negative predictive values were 94 and 98% for

palpation test, 98 and 89% for the Royal London

Hospital test, respectively. The two tests showed

good to very good intra-tester and inter-tester

agreement. At ultrasonography, pathological

patellar tendons were significantly thicker com-

pared to controlateral healthy tendon (P<0.001).

Conclusions: In symptomatic patients with patel-

lar tendinopathy, the Royal London Hospital test

showed lower sensitivity and higher specificity

than manual palpation. Both tests should be per-

formed for a correct clinical diagnosis of patellar

tendinopathy. Imaging assessment should be per-

formed as a confirmatory test.

Level of Evidence: III.

KEY WORDS: specific, sensitive, PT, test.

Introduction

Patellar tendinopathy (PT) is a chronic overuse condi-

tion1-3 relatively frequent in sports such as volleyball,

basketball, soccer, track and field (particularly jump-

ing specialties), tennis and skiing3,4, with a preva-

lence in elite volleyball and basketball players of over

40%3,5. Recovery may be long and, at times, only

partial, up to induce athletes to retire prematurely6-8.

The main causes of PT are repetitive overloading and

microtrauma9,10 in patients genetically predisposed1,

11, with histopathological changes typical of tendino -

pathy6,12.

Early diagnosis and management are important. Even

though imaging is the gold standard for diagnosis, in-

cluding both high resolution real time ultrasonography

(US) and magnetic resonance imaging (MRI)13, the

first suspicion is clinical, based on history and clinical

examination3,13,14.

Cook et al.13 tested in young basketball players the

reproducibility and the clinical utility of manual palpa-

tion of the tendon for the diagnosis of PT, reporting

that tenderness to palpation presents 68% of sensitiv-

ity and 9% of specificity, 52 and 17% of positive and

negative predictive values, respectively. On the other

hand, in asymptomatic tendons, palpation had 56%

sensitivity, 47% specificity, and 22% positive predic-

tive value. Although palpation was a reliable test, it

was moderately sensitive, but not specific in symp-

tomatic tendons. Moreover, tenderness on palpation
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was not predictive for US changes in asymptomatic

patients14. To the best of our knowledge, no specific

test with high sensitivity and specificity has been de-

veloped for the diagnosis of PT. We routinely use the

Royal London Hospital test for clinical diagnosis of

PT. This test is considered positive when the local

tenderness elicited palpating the tendon in a relaxed

position (knee extended), decreases or disappears

when the tendon is palpated under tension (knee flex-

ion).

Maffulli et al.15 have already evaluated the repro-

ducibility and the validity of the Royal London Hospi-

tal test in patients with Achilles tendinopathy. In this

case, the test will be positive if the pain evoked pal-

pating the tendon with the ankle in neutral position

disappears or is reduced when the tendon is palpated

with the ankle in active dorsiflexion.

In this study, in athletes with clinical features of PT,

US was the gold standard for diagnosis of PT, and

was compared for sensitivity, specificity, reproducibili-

ty, and predictive values to the Royal London Hospi-

tal test.

Patients and methods

We conducted a prospective study16 on PT group in-

cluded 15 consecutive athletes with clinical and imag-

ing diagnosis of patellar tendinopathy referred to a

tertiary centre. All patients gave the informed consent

to be enrolled in the study after the local Ethics Com-

mittee had approved all procedures. All athletes had

chronic PT (more than 6 months) unresponsive to

conservative management, including rest, ice, anal-

gesics and/or nonsteroidal anti-inflammatory drugs,

and physiotherapy. In the control group, we enrolled

athletes with Achilles tendinopathy selected from a

population of athletes with Achilles tendon disorders

managed in the same tertiary centre without history

and symptoms of PT. The two groups of subjects

were matched for gender, age, sport activity and side

assessed.

Two testers, a fully trained orthopaedic surgeon and

a senior trainee, with a special interest in soft tissue

and sports injuries, were enrolled. One of the testers

was aware of the diagnosis, the other was not.

Both palpation and Royal London Hospital tests were

performed with the patient supine and the knee ex-

tended. Palpation was performed gently, at the at-

tachment site of the patellar tendon, over the inferior

pole of the patella, and along its whole length, from

proximal to distal. Patients were asked about tender-

ness on palpation.

Regarding the Royal London Hospital test, once local

tenderness had been elicited palpating the tendon

with the knee extended, the tender portion of the ten-

don was palpated again with the knee flexed to 90°.

The test was considered positive if the pain was

markedly reduced or absent in knee flexion. In

asymptomatic tendons, the test was performed with

the knee extended, selecting an area of the tendon 1

cm distal to the patellar insertion.

Design of the study

Both testers examined separately all patients and

controls. In the PT group, we examined only the in-

volved tendon; in the matched controls, we examined

the ipsilateral tendon to the tendon involved of the

corresponding patient.

The 2 testers performed the tests in the same day, sep-

arately, without communicating each other. After two

weeks, the entire assessment was repeated (Fig. 1).

Diagnostic Imaging

All patients in both groups underwent high resolution

US assessment. The maximum tendon thickness was

measured; US changes were recorded. At US, typical

features of tendinopathy were a hypoechogenic area

within the tendon, loss of the normal ribbon-like intra-

tendinous echostructure, increased anteroposterior

diameter greater than 50% compared to the asymp-

tomatic controlateral tendon15. Color/Power Ultra-

sound was used for assessment of the neovasculari-

sation within the tendon17. The testers and the pa-

tients were not aware of US findings.

Data collection

Demographic data regarding gender, age and sport

activity, clinical information, results of Royal London

Hospital test and manual palpation, coded as binary

items (positive/negative), and imaging data were all

recorded in a computer database. Sensitivity, speci-

ficity, reproducibility, positive predictive value (PPV),

and negative predictive value (NPV), were calculated

for both Royal London Hospital test and manual pal-

pation18,19.

US was used as standard method for the imaging di-

agnosis of tendinopathy13. To estimate sensitivity and

specificity of both tests, we compared the clinical re-

sults with the imaging findings. In this context, sensi-

tivity was obtained from the number of positive clini-

cal examinations for both tests in patients with a PT

confirmed at US. On the other hand, the specificity

was obtained from the number of negative clinical ex-

aminations for both tests in patients with a healthy

tendon confirmed at US. We do not know the popula-

tion prevalence of patellar tendinopathy in the current

setting (indeed, sensitivity was obtained from the

number of positive clinical examinations for both tests

in patients with tendinopathy at US; specificity was

obtained from the number of negative clinical exami-

nations for both tests in patients with healthy tendon

at US). Since the population prevalence of patellar

tendinopathy in the current setting was not known,

PPV and NPV were expressed as range of preva-

lences (0.25, 0.50, 0.75).

Clinical evaluations at day 1 and day 14 were used to

calculate the kappa value (intratester agreement); the

measures at day 1 and day 14 were pooled to esti-

mate the inter-tester agreement. Descriptive statistics

were calculated. Sensitivity and specificity of the two

tests were assessed with Pearson’s chi-squared test

with Yates correction. In patients with US signs of PT,

the Wilcoxon signed rank test20 was used to compare

thickness measures of affected patellar tendons re-
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Figure 1. Time of the clinical examination.
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spect to those of healthy contra-lateral tendons and to

compare age data of patients enrolled in the two

groups. After assessment for normal distribution, non-

parametric statistical tests were selected. A P value

<0.05 was considered statistically significant. When

appropriate, 95% confidence interval (CI) was calculat-

ed. The kappa coefficient21 was used to assess the in-

tra- and intertester agreement. All statistical analyses

were performed using SPSS for Mac (version 16.0).

Results

Patients and Controls

Between March and September 2010, 15 consecutive

elite athletes (11 males; 4 females) with patellar

tendinopathy and 15 non-consecutive control patients

(11 males; 4 females) extracted from a population of

athletes with achilles tendinopathy were prospectively

enrolled. The median age was 28 years (95% CI,

25.81 to 30.99) for the PT Group, and 27 years (95%

CI, 25.56 to 30.43) for the control group (P>0.05).

The 2 groups were comparable for sport activity. Re-

cruitment criteria are reported in Figures 2 and 3.

Diagnostic Imaging

In the PT group, US assessment showed pathological

thickness of the patellar tendon in all patients and a

hypoechogenic area within the tendon in 13 of 15 pa-

tients. In the control group, a single tendon was

pathologically thick and another showed intra-tendi-

nous dishomogeneity. At Color/Power US, all patients

in the PT group presented neovascularisation within

the tendon. 7 patients were graded as 2+, 4 as 3+,

and 4 as 4. In the control group, 2 patients were

graded as 2+ and 1 as grade 1+.

The median thickness of tendinopathic patellar ten-

dons was 7 mm (95% CI, 6.87 to 8.54), and 4 mm

(95% CI, 3.73 to 4.38) for healthy controlateral ten-

dons (P<0.001).

At the 5% level, no statistically significant differences

were found between the findings of the investigators

recorded at the day 1 and day 14 for both the tests.

Therefore, these covariates were dropped from the

calculation of specificity, sensitivity, PPV and NPV.

The Royal London Hospital test was positive in 13 of

15 (88%) patients in the PT group and in 53 of 60

(88%) observations performed in patients with PT. In

7 observations, the test was negative, despite the
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Figure 2. STARD flow diagram for recruitment of patients for palpation.
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presence of PT at US (false negative). The test was

positive in 2 of 15 (13%) patients in the control group,

and in 8 of 60 (13%) observations performed on

asymptomatic tendons in the control group. Seven of

8 observations were found in 2 control patients with in-

tratendinous changes at US. The single positive obser-

vation found in a patient without US evidence of

tendinopathy was considered as false positive (Tab. I).

Palpation was positive in 15 patients in the PT group

and 60 observations performed in patients with PT, in

3 of 15 (20%) control patients and in 10 of 60 (20%)

observations performed on asymptomatic tendons in

the control group. Of these 10 positive observations,

7 were in patients with US evidence of tendinopathy

(true positive), 3 were positive in patients with no evi-

dence of tendinopathy (false positive) (Tab. I).

Sensitivity, specificity, and predictive rates

The palpation test presented significantly higher sen-

sitivity (88 vs 98%, P=0.01); the Royal London Hospi-

tal test presented higher, not significantly, specificity

(98 vs 94%, P>0.05) (Tabs. II-IV). The Royal London

Hospital test reported slightly higher PPV for all esti-

mated prevalences of PT compared to the palpation

test; the palpation test reported slightly higher NPV

for all estimated prevalences of PT compared to the

Royal London Hospital test (Tab. V).

The two tests have good to very good intra-tester and in-

ter-tester agreement (Tabs. VI, VII). One investigator was

more consistent in his findings than the other. The inter-

tester agreement was graded as very good for the palpa-

tion test and good for the Royal London Hospital test.

Discussion 

The main finding of the present study is that both pal-

pation and Royal London Hospital tests have good

and very good reproducibility (Kappa 0.94 and 0.70
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Figure 3. STARD flow diagram for recruitment of patients for Royal London Hospital test.

Table I. Results of clinical tests in two different obser-

vations.

OBSERVATIONS

Day 1 Day 14

Palpation

Tenderness present 34 35

Tenderness absent 26 25

Royal London Hospital test

Positive 30 31

Negative 30 29

©
 C

IC
 E

d
iz
io
n
i I
n
te

rn
a
zi
o
n
a
li



Muscles, Ligaments and Tendons Journal 2017;7 (2):315-322320

N. Maffulli et al.

Table II. Sensitivity and specificity.

Test Sensitivity Specificity

Estimate 95% CI Estimate 95% CI

Palpation 0.98 0.79 – 1.17 0.94 0.7 – 1.17

Royal London Hospital test 0.88 0.5 – 1.26 0.98 0.73 – 1.23

Table III. Results of Royal London Hospital test.

Ultrasound

Tendinopathy Normal N of observations

Test Positive 60 1 61

Negative 8 51 59

N of observations 68 52 120

Table IV. Results of palpation.

Ultrasound

Tendinopathy Normal N of observations

Test Positive 67 3 70

Negative 1 49 50

N of observations 68 52 120

Table V. Predictive values.

PPV NPV

Prevalence 0.25 0.50 0.75 0.25 0.50 0.75

Palpation 0.84 0.94 0.98 0.99 0.98 0.94

Royal London Hospital test 0.94 0.98 0.99 0.96 0.89 0.73

Abbreviation: PPV, positive predictive value; NPV, negative predictive value.

Table VI. Kappa values for intra-tester agreement.

Investigators Palpation Royal London Hospital test

Kappa P value Kappa P value

1 1.000 <0.0001 0.886 <0.0001

2 0.834 <0.0001 0.677 <0.0001

Table VII. Kappa values for inter-tester reliability.

Investigators Palpation Royal London Hospital test

Kappa P value Kappa P value

1 and 2 0.943 <0.0001 0.694 <0.0001
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respectively for intertester agreement), and that some

clinical experience is required to improve intra-tester

reliability, mostly for the Royal London Hospital test.

Palpation was superior for sensitivity to the Royal

London Hospital test, but it may be positive also in

patients with other disorders to the knee. On the oth-

er hand, when the Royal London Hospital test is posi-

tive, given its high specificity, it is possible to diag-

nose PT more confidently compared to a condition in

which only tenderness to palpation is present. There-

fore, both tests are recommended for a correct clini-

cal diagnosis of PT. Since positive findings in clinical

tests are strongly associated with US signs of

tendinopathy, we now point out that clinical examina-

tion is the first diagnostic step in patients with PT,

whereas imaging assessment should only be used to

confirm the diagnosis.

To the best of our knowledge, this is the first study

which assesses sensitivity, specificity, predictive val-

ue, and reliability of the Royal London Hospital test

for the diagnosis of PT in symptomatic patients. The

reason why pain decreases or disappears when the

patellar tendon is palpated under tension is unknown.

Maffulli et al. previously evaluated the reproducibility

and validity of the Royal London Hospital test for di-

agnosis of Achilles tendinopathy15. In that instance,

the Achilles tendon is under tension when the ankle is

in active dorsiflexion. 

In this study, the validity of manual palpation has

been also assessed, showing greater sensitivity and

specificity than those reported by Cook et al.13 (98 vs

68% and 94 vs 9% respectively) in a study on ath-

letes with symptomatic PT. In addition, both palpation

and Royal London Hospital test presented higher

PPV (94 and 98% respectively) than those reported

by Cook et al.13 for palpation (52%). This probably re-

flects the different selection criteria of the study popu-

lation. Specifically, all our patients were tertiary refer-

rals to our clinics, all with an already well established

diagnosis of PT. In the other study13 16 of 27 symp-

tomatic patients had tendon changes at US. More-

over, we considered US evidence of PT when a hy-

poechogenic area was present within the tendon or

the thickness was increased of 50% at least. On the

contrary, Cook et al.13 considered as diagnostic crite-

rion only the presence of tendon lesion at US.

The strength of our study are that we enrolled only

athletes with unilateral PT diagnosed on clinical

and/or imaging findings, they were consecutive pa-

tients enrolled prospectively, and the 2 groups were

well matched for gender, age, sport activity and side

assessed.

As potential bias, the fact that all symptomatic pa-

tients had been referred to a tertiary centre, could in-

duce to suppose that the PT group could not be rep-

resentative of the population of athletes with tendino-

pathic changes to the patellar tendon.

Even though one of the two testers was not blind to

the patients’ pathology, we tried to minimize this bias

not allowing the testers to communicate with each

other. Another bias could be that, at the second eval-

uation, both the tester and patients could remember

the findings of the first evalation. To minimize this

bias, the second testing session was performed two

weeks following the first one.

We used US as diagnostic standard13, given its ex-

cellent reliability for the diagnosis of patellar tendon

disorders in volleyball22 and basketball23 players.

We are aware that the definitive diagnosis is histolog-

ical, but it is difficult to perform in a clinical setting, as

this would require invasive biopsies.

Further research is necessary to improve the clinical

diagnosis of PT. In the future, larger studies should

be undertaken to better evaluate the validity of the

Royal London Hospital test in patients with anterior

knee pain and rule out other conditions of anterior

knee pain such as patellofemoral pain syndrome and

Hoffa body syndrome9.

Conclusions

In symptomatic patients with PT, the Royal London

Hospital test showed lower sensitivity and higher

specificity than manual palpation. Both tests should

be performed for a correct clinical diagnosis of PT. A

positive palpation test alone may not be necessarily

associated with patellar tendinopathy, whereas the

positivity of both clinical tests is strongly associated

with US appearance of patellar tendinopathy. Imaging

assessment should be performed only as a confirma-

tory additional test.

Conflict of interest

The Authors have no conflict of interest. 

References

1. Khan KM, Maffulli N, Coleman BD, Cook JL, Taunton JE.

Patellar tendinopathy: some aspects of basic science and clin-

ical management. Br J Sports Med. 1998;32:346-355.

2. Maffulli N, Khan KM, Puddu G. Overuse tendon conditions:

time to change a confusing terminology. Arthroscopy. 1998;

14:840-843.

3. Peers KH, Lysens RJ. Patellar tendinopathy in athletes: cur-

rent diagnostic and therapeutic recommendations. Sports

Med. 2005;35:71-87.

4. Maffulli N, Longo UG, Spiezia F, Denaro V. Aetiology and pre-

vention of injuries in elite young athletes. Med Sport Sci.

2011;56:187-200.

5. Bahr R, Fossan B, Loken S, Engebretsen L. Surgical treat-

ment compared with eccentric training for patellar tendinopa-

thy (Jumper’s Knee). A randomized, controlled trial. J Bone

Joint Surg Am. 2006;88:1689-1698.

6. Maffulli N, Longo UG, Loppini M, Denaro V. Current treatment

options for tendinopathy. Expert Opin Pharmacother.

2010;11:2177-2186.

7. Peers KH, Lysens RJ, Brys P, Bellemans J. Cross-sectional

outcome analysis of athletes with chronic patellar tendinopa-

thy treated surgically and by extracorporeal shock wave thera-

py. Clin J Sport Med. 2003;13:79-83.

8. Maffulli N, Longo UG, Gougoulias N, Loppini M, Denaro V.

Long-term health outcomes of youth sports injuries. Br J

321

The Royal London Hospital Test for the clinical diagnosis of patellar tendinopathy

Muscles, Ligaments and Tendons Journal 2017;7 (2):315-322

©
 C

IC
 E

d
iz
io
n
i I
n
te

rn
a
zi
o
n
a
li



Sports Med. 2010;44:21-25.

9. Kannus P. Etiology and pathophysiology of chronic tendon dis-

orders in sports. Scand J Med Sci Sports. 1997;7:78-85.

10. Garau G, Rittweger J, Mallarias P, Longo UG, Maffulli N. Trau-

matic patellar tendinopathy. Disabil Rehabil. 2008;30:1616-

1620.

11. Lippi G, Longo UG, Maffulli N. Genetics and sports. Br Med

Bull. 2010;93:27-47.

12. Maffulli N, Longo UG, Franceschi F, Rabitti C, Denaro V.

Movin and Bonar scores assess the same characteristics of

tendon histology. Clin Orthop Relat Res. 2008;466:1605-

1611.

13. Cook JL, Khan KM, Kiss ZS, Purdam CR, Griffiths L. Repro-

ducibility and clinical utility of tendon palpation to detect patel-

lar tendinopathy in young basketball players. Victorian Institute

of Sport tendon study group. Br J Sports Med. 2001;35:65-69.

14. Van Wilgen P, van der Noord R, Zwerver J. Feasibility and re-

liability of pain pressure threshold measurements in patellar

tendinopathy. J Sci Med Sport. 2011.

15. Maffulli N, Kenward MG, Testa V, Capasso G, Regine R, King

JB. Clinical diagnosis of Achilles tendinopathy with tendinosis.

Clin J Sport Med. 2003;13:11-15.

16. Padulo J, Oliva F, Frizziero A, Maffulli N. Muscles, Ligaments

and Tendons Journal - Basic principles and recommendations

in clinical and field science research: 2016 update. MLTJ.

2016;6(1):1-5.

17. Ohberg L, Alfredson H. Ultrasound guided sclerosis of neoves-

sels in painful chronic Achilles tendinosis: pilot study of a new

treatment. Br J Sports Med. 2002;36:173-175; discussion 6-7.

18. Altman DG, Bland JM. Diagnostic tests. 1: Sensitivity and

specificity. BMJ. 1994;308:1552.

19. Altman DG, Bland JM. Diagnostic tests 2: Predictive values.

BMJ. 1994;309:102.

20. Fay MP, Proschan MA. Wilcoxon-Mann-Whitney or t-test? On

assumptions for hypothesis tests and multiple interpretations

of decision rules. Stat Surv. 2010;4:1-39.

21. Sim J, Wright CC. The kappa statistic in reliability studies: use,

interpretation, and sample size requirements. Phys Ther.

2005;85:257-268.

22. Malliaras P, Cook J, Ptasznik R, Thomas S. Prospective study

of change in patellar tendon abnormality on imaging and pain

over a volleyball season. Br J Sports Med. 2006;40:272-274.

23. Khan KM, Cook JL, Kiss ZS, Visentini PJ, Fehrmann MW, Har-

court PR, et al. Patellar tendon ultrasonography and jumper’s

knee in female basketball players: a longitudinal study. Clin J

Sport Med. 1997;7:199-206.

Muscles, Ligaments and Tendons Journal 2017;7 (2):315-322322

N. Maffulli et al.

©
 C

IC
 E

d
iz
io
n
i I
n
te

rn
a
zi
o
n
a
li


