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ABSTRACT Objective: Carpal tunnel syndrome (CTS) is the most
common entrapment neuropathy in the community. When diagnosed
early, it can be easily treated by pharmacological and non-pharmaco-
logical methods. The aim of this study was to evaluate wrist range of
motion (ROM) and grip strength in women diagnosed with carpal tun-
nel syndrome and to compare the results with those of the controls. Ma-
terial and Methods: Twenty-eight women with bilateral CTS were
included in this cross-sectional study. The control group consisted of 41
healthy age and gender matched volunteers who had right hand domi-
nancy. Wrist range of motions (ROM) were measured by goniometer.
For the intrarater and interrater reliability studies, wrist ROM measu-
rements were performed in 10 healthy volunteers at the beginning of the
study. Intraclass correlation coefficient (ICC) values were calculated.
Grip strength was measured by hydraulic hand dynamometer. Results:
Wrist extension values in the CTS and control groups were
62.66+15.56° and 77+9.9°, respectively. Wrist flexion values were
57.66+11.89° in the CTS and 67.3844.7° in the control groups. The
mean grip strength values in the patient and control groups were
15.32+7.27 kg and 40.40+7.80 kg, respectively (p<0.001). The ICC va-
lues were between 0.61-0.98 for the intrarater reliability, ICC values
were between 0.76-0.97. Wrist flexion, extension, radial, ulnar devia-
tion and hand grip strength were significantly lower in the CTS group
than the control group (p<0.00). Conclusion: Wrist ROM and hand
grip strength of patients with CTS resulted in decreased wrist move-
ments and hand grip strength when they were compared with the he-
althy control group. Evaluating wrist ROM and hand grip strength are
measurable parameters that can be used in CTS assessment.
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OZET Amag: Karpal tiinel sendromu (KTS) toplumda en sik goriilen
tuzak noropatidir. Erken tani konuldugu zaman farmakolojik ve far-
makolojik olmayan yontemlerle kolayca tedavi edilebilir. Bu
¢aligmanin amaci karpal tiinel sendrom tanis1 almis kadinlarda el bilegi
hareket agiklig1 ve kavrama kuvvetini degerlendirmek ve kontrol grubu
ile karsilastirmak idi. Gere¢ ve Yontemler: Kesitsel calismamiza elek-
trofizyolojik olarak hafif- orta siddette bilateral karpal tiinel sendromu
tanis1 almis 28 kadin dahil edildi. Kontrol grubu yas ve cinsiyet esitligi
saglanmis sag el dominant olan saglikli 41 goniilliiden olusuyordu. El
bilegi eklem hareket agikligi (EHA) gonyometre ile olgiildi.
Uygulayicilar arasi ve test uygulamalar arasi giivenilirlik ¢alismalart
i¢in, ¢alismanin baginda 10 saglikli gonillide bilek EHA 6lgtimleri
yapildi. Sinif i¢i korelasyon katsayis1 (SKK) hesaplandi. El kavrama
kuvveti, hidrolik el dinamometresi ile 6l¢iildii. Bulgular: KTS ve kon-
trol grubunda el bilegi ekstansiyon derecesi sirastyla 62,66°+15,56°ve
77°49,9° idi. El bilegi fleksiyon derecesi KTS e 57,66°+11,89°, kontrol
grubunda 67,38°+4,7° idi. Hasta ve kontrol grubundaki ortalama
kavrama kuvveti sirastyla 15,32+7,27 kg ve 40,40+7,80 kg idi
(p<0,001). SKK degerleri uygulamalar arasi giivenilirligi i¢in 0.61-0.98
arasindaydi, SKK degerleri 0.76-0.97 arasindaydi. KTS grubundaki el
bilegi fleksiyonu, ekstansiyonu ve radial, ulnar deviasyon derecesi ve
el kavrama kuvveti kontrol grubundan anlamli derecede diisiik olarak
degerlendirildi (p<0.00). Sonu¢: KTS’1i hastalar, saglikli kontrol grubu
ile karsilastirildiginda el bilek hareketlerinde ve el kavrama kuvvetinde
azalma goriilebilir. El bilegi EHA ve el kavrama kuvvetini
degerlendirmek, KTS degerlendirmesinde kullanilabilecek 6lgiilebilir
parametrelerdir.
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Carpal tunnel syndrome (CTS) is the most com-
mon compression neuropathy, which is estimated to
occur up to 4% in the general population.'® If rec-
ognized early, it is readily treatable in pharmacolog-
ical and non-pharmacological methods.* CTS is
caused by median nerve compression due to in-
creased pressure in the canal.’¢ Interstitial fluid pres-
sure rises due to intrinsic or extrinsic factors leading
to median nerve compression.® Local ischemia with
mechanical compression plays a role in the develop-
ment of CTS. Pathological changes occur in the
flexor tendons and median nerve in the carpal tun-
nel of the people that exposed to repetitive hand and
finger movements.” The amount of increase in the
pressure depends on how forcefully the hand and fin-
gers are used.’ There are some changes in the vas-
cular morphology and elastin distribution in the
subsynovial connective tissues of the tendon sheath
in patients with CTS.* Although clinical presentation
can be different, the most frequent symptom is pares-
thesia, followed by pain and weakness in the fingers
those are innervated by the median nerve.”!” Pain
and immobilization due to using splint may cause de-
creased wrist range of motion (ROM) in CTS. ROM
is a measurable parameter that gives information
about the functional status of hand.'' However, in
CTS wrist ROMs are not a component of routine ex-
amination.

Measuring motor functions can give useful in-
formation about the disease severity in CTS. Hand
grip strength can be measured easily by the hand dy-
namometers and shows motor status of upper ex-
tremities.'> Muscle testing of thenar muscles by a
dynamometer is helpful for the follow-up of the pa-
tients with CTS.? Both wrist ROM and hand grip
strength are important parameters for the functional
status of hand.

The aim of this study was to investigate the wrist
ROMs and hand grip strength in women with CTS
and compare the results with those of healthy volun-
teers.

I MATERIAL AND METHODS

First of all intratester and intertester reliability stud-
ies for wrist ROM measurements were performed in
this study.
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For wrist flexion measurement, the goniometer
was placed on the radial side as its movement axis on
the styloid. While the elbow was at 90° flexion, the
wrist was in the neutral position. As the wrist was
flexed, the fixed arm of the goniometer was held on
the radius, while the mobile arm was moving paral-
lel to the second metacarpal bone.

For extension measurement, wrist and goniome-
ter positions were similar. As the wrist was going to
extension position, passive flexion movements for the
fingers were allowed.

Radial deviation measurement was performed
while the forearm was kept on the table at pronated
position and the goniometer was placed on the dorsal
side. At point zero, the wrist was kept in the neutral
position. The fixed arm of the goniometer was placed
on the forearm midline and the moving arm was
placed on the third metacarpal bone. While the wrist
deviated radially, the arm of the goniometer over the
third metacarpal bone was moved and the angle was
measured. For ulnar deviation the goniometer was
positioned in the same as radial deviation measure-
ment and this time the wrist was moved to the ulnar
direction.'

INTRARATER AND INTERRATER RELIABILITY STUDIES
FOR THE WRIST ROM

For the intrarater reliability, wrist ROM measure-
ments were performed in 10 healthy volunteers to
compare the measurements on different times. The
investigator measured the wrist ROM twice with one
week interval. Intraclass correlation coefficient (ICC)
values were calculated for the intrarater reliability.
Correlation coefficient was between 0.61-0.98 for the
intrarater reliability (Table 1). The correlation coef-
ficients were higher than 0.96 except the lowest value
for radial deviation. ICC values between 0,69-0,98
are considered as acceptable reliability.'

Interrater reliability, was studied in 10 healthy
volunteers to compare the measurement results of
two investigators. Wrist flexion/extension and radial-
ulnar deviation ranges of 10 healthy subjects were
measured by two investigators in the same day. The
ICC was calculated for the interrater reliability, ICC
values were between 0.76-0.97 for the interrater reli-
ability (Table 2).
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TABLE 1: Intrarater reliability results for wrist range of motion
measurements.

Intrarater reliability r(ICC) p

Flexion 0.981 0.000

Extension 0.980 0.000

Radial deviation 0.693 0.057

Ulnar deviation 0.968 0.000

ICC: Intraclass Correlation Coefficient.

TABLE 2: Interrater reliability results for wrist range of motion
measurements.

Interrater Reliability r(ICC) p

Flexion 0.971 0.000

Extension 0.897 0.002

Radial deviation 0.934 0.000

Ulnar deviation 0.764 0.028

ICC: Intraclass Correlation Coefficient

Twenty-eight women with bilateral CTS who ad-
mitted to the outpatient clinic between January 2009
and April 2009 were included consecutively in this
study. Median nerve pathology was confirmed with
nerve conduction studies in the patient group. All the
patients had mild to moderate CTS as shown electro-
physiologically. Patients who had rheumatologic dis-
eases, hand and wrist deformities, previous fractures,
surgical intervention for CTS, splint, injections or
nonsteroidal anti-inflammatory drug treatment for
CTS in the last 3 months, severe CTS with distal
motor latency >6.5 ms were excluded. Routine blood
biochemical studies were performed. Control group
consisted of sex and age matched 41 healthy volun-
teers. Some of the women in control group were hos-
pital employees. Dominant hands were all right in the
patient and control groups. Active wrist range of mo-
tion and hand grip strength were measured by the two
clinicians in both groups.

Hand grip strength was measured with Jamar hy-
draulic hand dynamometer (Sammon Preston Inc., Il,
USA). Three consecutive measurements were taken
and mean values were recorded.

The patients completed the Boston Question-
naire Functional Status Scale (BQ-FSS). The BQ
was developed by a group of hand surgeons,
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rheumatologists and patients to assess the carpal
tunnel syndrome-related pain, paresthesia, numb-
ness, weakness, nocturnal symptoms and general
functional status by Levine et al.'® The BQ consisted
of two scales: Symptom Severity Scale and Func-
tional Status Scale. The FSS evaluates 8 usual daily
activies as writing, holding a book, buttoning up,
holding a phone, opening a jar, doing carrying shop-
ping bags, doing house work, bathing and dressing.
Every item has a score between 1-5 (1= without dif-
ficulty 5=not possible). Higher scores show higher
disability level related with the activity. The relia-
bility and validity of the Turkish version of the BQ
have been studied.'®

This study was approved by the ethics commit-
tee of the hospital. Informed consent was obtained
from the participants.

STATISTICAL ANALYSIS

The results are expressed as mean+standard devia-
tion. Mann-Whitney U test was used for comparison
of demographic data, wrist ROM and hand grip
strength values of the groups. A p value of <0.05 is
considered as statistically significant.

I RESULTS

Fifty-six hands with CTS and 82 hands of the control
subjects were evaluated in the study. Clinical char-
acteristics of the patients with CTS and control
groups are shown in Table 3. There was no statisti-
cally significant difference between the ages of the
study groups (p>0.05). On the other hand, body mass
index (BMI) values were significantly higher in the
CTS group than that of the controls (p<0.05).

Wrist flexion/extension and radial-ulnar devia-
tion values in the CTS group were significantly lower
than that of the controls (p<0.00). Hand grip strength
was also significantly lower in the CTS group as
compared to the controls (p<0.00).

In the CTS group, wrist extension and ulnar de-
viation values were negatively correlated with age
(p:0.047 1:-0.379; p:0.022 1:-0.432). Hand grip
strength did not correlate with age, BMI, wrist flex-
ion/extension and radial-ulnar deviation and FSS
(p>0.05).
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TABLE 3: Clinical characteristics.

CTS group Control group

Parameters MeanxSD (min-max) Mean+SD (min-max) p value
Age (years) 53.04+11.94 (23-70) 51.05+12.2 (31-85) 0.50
BMI (kg/m?) 32.23+4.50 (23.04-41.20) 28.62+5.73 (18.66-50.44) 0.005*
Hand ROM (°)

Flexion 62.66+15.57 (24-86) 77.00+9.97 (20-90) 0.001*

Extension 57.66+11.89 (38-80) 67.38+4.70 (52-80) 0.001*

Radial deviation 18.34+4.15 (10-30) 21.20+3.48 (12-30) 0.001*

Ulnar deviation 27.25+7.87 (10-43) 31.98+3.70 (20-43) 0.001*
Grip strength (kg) 26.29+13.15 (5-59) 70.00+13.76 (45-83) 0.001*
BQFSS 2.07+0.75 (1-5) 1.00£0 (1-5) 0.001*

*p<0.05.

CTS: Carpal Tunnel Syndrome; BMI: Body mass index; ROM: Range of motion; BQ FSS: Boston Questionnaire Functional Symptom Score; SD: Standard deviation;

Min: Minimum; Max: Maximum.

I DISCUSSION

Wrist flexion/extension and radial-ulnar deviation
values in CTS group were significantly decreased
compared to the control group in this study.

Local hyperplasia and fibrosis around the me-
dian nerve and flexor tendons in the canal has been
documented in CTS.!” The synovial connective tis-
sue in the carpal tunnel has highly specialized func-
tion which includes providing a bed for tendon
gliding, while serving as a source of tendon nutri-
tion.'® Synovial hypertrophy occurs in the carpal tun-
nel and mechanical properties and mobility of the
synovial hypertrophy are altered in the patients with
CTS.'®! These pathologies involving the joint may
lead to limitation in the wrist ROM.!” Franco et al.,
suggested that significant functional limitation occurs
after progressive limitation of wrist motions with
splinting in healthy people.?” We excluded the pa-
tients with CTS who had used splint in the last 3
months before this study, to avoid immobilization ef-
fect of the splint.

Another important finding is that hand grip
strength in CTS group was significantly lower than
that of the controls in this study. Hand grip strength
was 26.29+13.15
70.00+13.76 in control group. Baker et al. concluded
that hand grip strength was 42.00+17.68 in the
women with CTS before treatment. After 4-week

in CTS, however, it was

lumbrical splint and stretching exercises, the authors
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reported an increase in the hand grip strength in the
same study.?! Fernandes et al. reported that hand grip
strength was 12.56+4.30 in the patients who had
thenar atrophy due to CTS.?? Because the patients
with CTS had electrophysiologically mild to moder-
ate nerve compression severity, hand grip strength
values were higher in our study.

It is noteworthy that hand grip strength usually
decreases in CTS, even though there is no thenar at-
rophy. It is suggested that pinch strength was more
specific for CTS in a previous study, however, hand
grip strength was reported more responsible than
pinch strength to the changes after carpal tunnel sur-
gery in another study.>*’ Nevertheless pinch strength
evaluates thenar region muscles specifically, the first
carpometacarpal joint osteoarthritis is a common
problem with advancing age that can interfere with
the pinch strength.”

In this study, hand functions did not correlate
with the wrist motions in CTS. Wrist flexion/exten-
sion values were 62/57°, radial-ulnar deviation val-
ues were 18-27° in CTS group. Although wrist
motions in all directions were limited in CTS group,
ROM was enough to perform the daily living activi-
ties. Brumfield and Champoux reported that 10° wrist
flexion and 35° extension were enough for activities
of daily living.?* According to the other studies 5-40°
wrist flexion, 30-40° extension, 10° radial deviation
and 15-30° ulnar deviation are essential to perform
most activities.>? Only extension and ulnar devia-
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tion of wrist correlated negatively with aging in CTS
group in this study. Walker et al., reported that ROM
of wrist was decreased by aging in women."!

This study has some strengths. To our knowl-
edge, this is a study in which the wrist ROM in the
patients with CTS was measured and the compari-
son of the results with that of the controls was per-
formed. Moreover, the intrarater and interrater
reliability studies of wrist ROM measurement have
been done in the study. Lastly all measurements

were performed by the same two physicians. The
limitation of this study is the absence of follow-up
of the wrist motion and hand grip strength values
after treatment due to the cross-sectional design of
the study.

In conclusion, wrist motions and hand grip
strength decreased in the patients with CTS com-
pared to the control group. Wrist ROM and hand
grip strength measurement seem useful in assessing
CTS.

Atroshi I, Gummesson C, Johnson R, et al.
Prevalence of carpal tunnel syndrome in a
general population. JAMA. 1999;282:153-8.

I REFERENCES

compression in carpal tunnel syndrome? Clin
Neurophysiol. 2005;116:275-83. [Crossref]
[PubMed]

nective tissue in a human cadaver model. Clin
Biomech (Bristol, Avon). 2008;23:1121-7.
[Crossref] [PubMed] [PMC]

[Crossref] [PubMed] 11. Walker JM, Sue D, Miles-Elkousy N, etal. Ac- 19, Lluch AL. Thickening of the synovium of the

2. Geere J, Chester R, Kale S, et al. Power grip, tive mobility of the extremities in older sub- digital flexor tendons: cause or consequence
pinch grip, manual muscle testing or thenar at- jects. Phys Ther. 1984;64:919-23. [Crossref] of the carpal tunnel syndrome? J Hand Surg
rophy-which should be assessed as a motor [PubMed] Br. 1992;17:209-12. [Crossref] [PubMed]
outcome afer carpal tunnel decompression? 45 - pperovitch-Najason D, Carmeli E, Coleman 20, Franco OI, Zurakowski D, Day CS. Functional
A systematic review. BMC Musculoskelet Dis- R, et al. Hand grip strength as a diagnostic tool disability of the wrist: direct correlation with de-
ord. 2007;8:114. [Crossref] [PubMed] [PMC] in work-related upper extremity muscu- creased wrist motion. J Hand Surg Am.

3. Goss BC, Agee JM. Dynamics of intracarpal loskeletal disorders in women. Scientific- 2008;33:485-92. [Crossref] [PubMed]
tunnel pressure in patients with carpal tunnel WorldJournal.  2004;4:111-7. [Crossref]  5q  Baker NA, Moehling KK, Desai AR, et al. Ef-
syndrome. J Hand Surg Am. 2010;54:197- [PubMed] [PMC] fect of carpal tunnel syndrome on grip and
206. [Crossref] [PubMed] 13. Cambridge-Keeling CA. ROM measurement pinch strength compared with sex- and age-

4. Bland JD. Carpal tunnel syndrome. BMJ. of the hand. In: Hunter JM, Callahan AD, Skir- matched normative data. Arthritis Care Res
2007;335:343-6. [Crossref] [PubMed] [PMC] ven TM et al, eds. Rehabilitation of the Hand (Hoboken).  2013;65:2041-5.  [Crossref]

5. Diao E, Shao F, Liebenberg E, et al. Carpal and Upper Extremity. 5" ed. Missouri; Mosby [PubMed]
tunnel pressure alters median nerve function Inc; 2002. p.163-62. 22. Femandes CH, Meirelles LM, Raduan Neto J,
in a dose-dependent manner: a rabbit model 14, Armstrong BK, White E, Sarraci R, Principles et al. Carpal tunnel syndrome with thenar at-
for carpal tunnel syndrome. J Orthop Res. of Exposure Measurement in Epidemiology. rophy: evaluation of the pinch and grip
2005;23:218-23. [Crossref] [PubMed] 15t ed. New York: Oxford University Press; strength in patients undergoing surgical treat-

6. SudV, Freeland AE. Biochemistry of carpal 1994. p.351. ment. Hand (N Y). 2013;8:60-3. [Crossref]
tunnel syndrome. Microsurgery. 2005;25:44- 15, |evine DW, Simmons BP, Koris MJ, et al. A [PubMed] [PMC]

6. [Crossref] [PubMed] self-administered questionnaire for the as-  23. Jerosch-Herold C, Shepstone L, Miller L, et al.

7. Ugbolue UC, Hsu WH, Goitz RJ, Li ZM. Ten- sessment of severity of symptoms and func- The responsiveness of sensibility and strength
don and nerve displacement at the wrist dur- tional status in carpal tunnel syndrome. J tests in patients undergoing carpal tunnel de-
ing finger movement. Clin Biomech (Bristol, Bone Joint Surg Am. 1993;75:1585-92. compression. BMC Musculoskelet Disord.
Avon). 2005;20:50-6. [Crossref] [PubMed] [Crossref] [PubMed] 2011;12:244. [Crossref] [PubMed] [PMC]

8. Jinrok O, Zhao C, Amadio PC, et al. Vascular ~ 16. Sezgin M, Incel NA, Serhan S, et al. Assess-  24. Brumfield RH, Champoux JA. A biomechani-
pathologic changes in the flexor tenosynovium ment of symptom severity and functional sta- cal study of normal functional wrist
(subsynovial connective tissue) in idiopathic tus in patients with carpal tunnel syndrome: motion. Clin Orthop Relat Res. 1984;187:23-5.
carpal tunnel syndrome. J Orthop Res. reliability and validity of the Turkish version of [Crossref] [PubMed]
2004;22:1310-5. [Crossref] [PubMed] the Boston Questionnaire. Disabil Rehabil. 25. Palmer AK, Skahen JR, Werner FW, et al. The

9. Nora DB, Becker J, Ehlers JA, et al. Clinical 2006;28:1281-5. [Crossref] [PubMed] extensor retinaculum of the wrist: an anatom-
features of 1039 patients with neurophysio-  17. Wilson JK, Sevier TL. A review of treatment ical and biomechanical study. J Hand Surg Br.
logical diagnosis of carpal tunnel syndrome. for carpal tunnel syndrome. Disabil Rehabil. 1985;10:11-6. [Crossref] [PubMed]

Clin Neurol Neurosurg. 2004;107:64-9. 2003;25:113-9. [Crossref] [PubMed] 26. Ryu JY, Cooney WP 3rd, Askew LJ, et al.
[Crossref] [PubMed] 18. Yoshii Y, Zhao C, Henderson J, et al. Effects Functional ranges of motion of the wrist joint.
10. Nora DB, Becker J, Ehler JA, et al. What of carpal tunnel release on the relative J Hand Surg Am. 1991;16:409-19. [Crossref]

symptoms are truly caused by median nerve

motion of tendon, nerve, and subsynovial con-

61

[PubMed]


https://doi.org/10.1001/jama.282.2.153
https://www.ncbi.nlm.nih.gov/pubmed/10411196
https://doi.org/10.1186/1471-2474-8-114
https://www.ncbi.nlm.nih.gov/pubmed/18028538
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2213649
https://doi.org/10.1016/j.jhsa.2009.09.019
https://www.ncbi.nlm.nih.gov/pubmed/20022712
https://doi.org/10.1136/bmj.39282.623553.AD
https://www.ncbi.nlm.nih.gov/pubmed/17703044
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1949464
https://doi.org/10.1016/j.orthres.2004.05.014
https://www.ncbi.nlm.nih.gov/pubmed/15607896
https://doi.org/10.1002/micr.20071
https://www.ncbi.nlm.nih.gov/pubmed/15481038
https://doi.org/10.1016/j.clinbiomech.2004.08.006
https://www.ncbi.nlm.nih.gov/pubmed/15567536
https://doi.org/10.1016/j.orthres.2004.03.005
https://www.ncbi.nlm.nih.gov/pubmed/15475214
https://doi.org/10.1016/j.clineuro.2004.08.003
https://www.ncbi.nlm.nih.gov/pubmed/15567555
https://doi.org/10.1016/j.clinph.2004.08.013
https://www.ncbi.nlm.nih.gov/pubmed/15661105
https://doi.org/10.1093/ptj/64.6.919
https://www.ncbi.nlm.nih.gov/pubmed/6728913
https://doi.org/10.1100/tsw.2004.12
https://www.ncbi.nlm.nih.gov/pubmed/15010565
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5956401
https://doi.org/10.2106/00004623-199311000-00002
https://www.ncbi.nlm.nih.gov/pubmed/8245050
https://doi.org/10.1080/09638280600621469
https://www.ncbi.nlm.nih.gov/pubmed/17083175
https://doi.org/10.1080/0963828021000007978
https://www.ncbi.nlm.nih.gov/pubmed/12648000
https://doi.org/10.1016/j.clinbiomech.2008.06.006
https://www.ncbi.nlm.nih.gov/pubmed/18644662
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2828934
https://doi.org/10.1016/0266-7681(92)90091-F
https://www.ncbi.nlm.nih.gov/pubmed/1588206
https://doi.org/10.1016/j.jhsa.2008.01.005
https://www.ncbi.nlm.nih.gov/pubmed/18406951
https://doi.org/10.1002/acr.22089
https://www.ncbi.nlm.nih.gov/pubmed/23925936
https://doi.org/10.1007/s11552-012-9471-8
https://www.ncbi.nlm.nih.gov/pubmed/24426894
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3574479
https://doi.org/10.1186/1471-2474-12-244
https://www.ncbi.nlm.nih.gov/pubmed/22032626
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3214851
https://doi.org/10.1097/00003086-198407000-00004
https://www.ncbi.nlm.nih.gov/pubmed/6744724
https://doi.org/10.1016/S0266-7681(85)80006-1
https://www.ncbi.nlm.nih.gov/pubmed/3998587
https://doi.org/10.1016/0363-5023(91)90006-W
https://www.ncbi.nlm.nih.gov/pubmed/1861019

