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1 ORIGINAL ARTICLE

2 Long-term result and patient reported outcome of wrist splint treatment for Carpal
3 Tunnel Syndrome

4 Bo Povlsen, Muhammad Bashir & Fabian Wong

5 Department of Orthopaedic Surgery, Guy’s & St. Thomas’AQ3 Hospital NHS Trust, London, UK

67 Abstract
8 Carpal tunnel syndrome (CTS) is the commonest peripheral neuropathy presenting to specialist hand and wrist clinics. This study investigated the
9 long-term outcome of carpal tunnel syndrome treated with isolated night wrist splint and the factors determining the likelihood of success of this
10 intervention. Seventy-five patients referred to a specialist hand clinic with CTS were given night wrist splint treatment for 3 months as per a
11 previous study protocol. Fifty-two patients from this cohort did not wish to have surgery after wrist splint treatment and were followed for a further
12 33-month period. Baseline pain and numbness levels were recorded on a Visual Analogue Scale (VAS) using a questionnaire upon first
13 presentation. A further questionnaire at 36 months reassessed pain and numbness levels, patients’ satisfaction with the treatment, and whether they
14 had subsequent surgical decompression. Of the patients who completed the follow-up questionnaire 33 months after their period of conservative
15 management, 43% were successfully treated with splint treatment alone. There was no difference in the VAS for pain or numbness at the baseline
16 and at 36 months between successful and failed treatment groups. Patients successfully treated with wrist splinting alone reported a higher level of
17 satisfaction with their treatment compared to patients who failed wrist splint treatment or had surgical decompression. The results reinforce the
18 previous recommendation on wrist splinting as a first-line treatment in the Primary Care setting. Referral to specialist hand and wrist clinics should
19 be reserved for patients with symptoms refractory to this initial measure.

20 Key Words: Carpal Tunnel Syndrome, wrist splint, long-term outcome, patient reported outcome measure, treatment satisfaction

21 Introduction
22 Carpal tunnel syndrome (CTS) is one of the commonest con-
23 ditions referred to a specialist hand clinic in the UK, with
24 treatment options varying from conservative management to
25 surgical decompression [1]. A previously study by the senior
26 author demonstrated that CTS can be accurately diagnosed by
27 General Practitioners (GPs) [2]. In addition, most patients did
28 not wish to have surgery after a 3-month period of conservative
29 management using a prefabricated Futuro splint at night. It had
30 been suggested that immediate provision of a wrist splint could
31 potentially improve cost-effectiveness and avoid unnecessary
32 referral to secondary care services.
33 There is a paucity of reports on the long-term success of wrist
34 splinting, with no studies following patients up beyond a 1-year
35 period [3,4]. In order to ascertain the long-term success of wrist
36 splinting, we prospectively studied our previous cohort of
37 patients with confirmed CTS who did not wish to have surgery
38 after using night splints for 3 months. Long-term results of
39 treatment with night wrist splints were deemed successful if
40 patients had no desire for surgery after an additional 33-month
41 follow-up period.
42 For a secondary outcome measure, we used a patient-
43 rated outcome questionnaire, to allow patients to score their
44 symptoms (pain and numbness) and treatment satisfaction on a
45 Visual Analogue Scale (VAS). We compared scores of the
46 successful and unsuccessful treatment groups at presentation
47 and again at 36 months to identify potential features that might

48be predicative of long-term success with wrist splinting for
49CTS.

50Materials and methods
51The cohort of patients for this study were referred over a
523-month period in 2008 to our specialist hand and wrist clinic
53from Primary Care services. The 75 patients with a diagnosis of
54CTS were all provided with night wrist splints until their follow-
55up at 3 months, as per our previous study protocol [2]. Based on
56their symptoms after the use of splints, the patients were asked to
57decide whether they wished to have surgery. Figure 1 details the
58overview of this study.
59Patients who were happy with the splint treatment and did not
60want surgery at 3 months were asked to complete a question-
61naire 33 months after their initial treatment period. The ques-
62tionnaire was used to assess the severity of symptoms and
63overall satisfaction at presentation and at 33 months after
64finishing wrist splintage, i.e. 36 months from the time of first
65presentation, whether patients had subsequent surgical decom-
66pression or not. A VAS scale (0–10) was used to register
67patient’s responses on the questionnaire.
68Inclusion criteria were subjective symptoms (e.g. history of
69paraesthesia or pain in median nerve distribution, nocturnal
70pain, and dysaesthesia that improves with shaking of the
71hand), with positive Tinel’s sign, Phalen’s sign, or Flick sign,
72and a nerve conduction study if the clinical signs of carpal tunnel
73syndrome were inconclusive.
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74 Patients excluded from the study were those with underlying
75 metabolic disorders including diabetes mellitus and thyroid
76 disease, rheumatoid arthritis, previous history of steroid injec-
77 tion to the carpal tunnel, severe thenar atrophy, and pregnant
78 women.
79 The mean scores for pre- and post-treatment pain and
80 numbness as well as patient satisfaction ratings were analyzed
81 using Mann-Whitney U-test (SPSS,AQ4 IBM Inc.) to compare
82 patients who were successful using splint treatment with those
83 who failed.

84 Results
85 A total of 93 patients with suspected CTS were referred by
86 Primary Care services to our specialist clinic over a 3-month
87 period in 2008. CTS was confirmed by primary clinical signs or
88 a nerve conduction study in 75 patients. The VAS scores on the
89 severity of their pain and numbness were recorded and initially
90 all patients were treated with wrist splinting. At the 3-month
91 follow-up 52 of the 75 patients (69.3%) were satisfied with the
92 results of wrist splinting and declined surgery.
93 Repeat questionnaires were sent out to the 52 patients,
94 33 months after their period of conservative management.
95 Thirty patients (19 females and 11 males) replied to the
96 questionnaire and were therefore included in this study.
97 One patient with bilateral CTS completed all but the satisfac-
98 tion rating. Twenty-nine patients, representing 38 individual
99 cases of CTS, returned completed questionnaires regarding

100 severity of pain, numbness, and overall satisfaction scores at
101 33 months after wrist splintage.

102Thirteen patients, representing 17 cases of CTS, were suc-
103cessfully treated with 3 months of conservative measures and
104did not wish to be considered for surgical intervention at any
105point. One patient from this group reported complete symptom
106resolution in both wrists (scoring zero for pain and numbness),
107but did not complete satisfaction rating on the questionnaire. In
108concordance with our criteria we calculated the treatment
109success rate to be 43.3% in patients who replied to the ques-
110tionnaire after 33 months. Assuming treatment failed in patients
111who did not reply to the questionnaire after 33 months, a
112minimum of 25.0% of the 52 patients were successfully man-
113aged conservatively.
114In the group of 17 patients where conservative management
115was deemed to be a failure, 14 patients (representing 20 cases of
116CTS) underwent surgical decompression between 3–36 months
117after their initial treatment with wrist splinting and three patients
118(with three cases of CTS) who were dissatisfied with the splint
119treatment could still not commit to surgery after 33 months.
120The mean scores for all patients were 6.4 for pain and 6.2 for
121numbness at the first clinic appointment. These reduced to
1223.8 and 3.1 for pain and numbness, respectively, at 36 months.
123Tables I and II illustrate the mean scores for pain and numbness
124in patients who had successful and unsuccessful treatment
125outcomes. Patients who were successfully treated with conser-
126vative management had mean pre-treatment scores for pain and
127numbness of 6.3 and 5.4, respectively. At 33 months after
128splintage these were 3.8 and 2.7 for pain and numbness,
129respectively. In patients who were considered to have failed
130conservative management, the mean pre-treatment scores for

93 patients referred by primary care with suspected
CTS.

Initial pain and numbness score assessed on VAS.

75 patients had confirmed CTS
commenced on wrist splint.

52 patients did not wish to 
consider surgery

17 patients underwent 
surgery

6 patients lost to follow-up 

30 of the 52 patient cohort replied 
to questionnaire (57.7%)

Treatment success Treatment failed

13 patients (43.3% of replies) 
happy with splint only and did 
not wish to consider surgery. 

3 patients (10% of replies) 
were not happy with splints 
but were undecided on surgery 

14 patients (46.7% of replies) 
had splint initially but later  
surgical decompression. 

At 3 month follow-up

At 36 month follow-up 
(33 months after 

treatment)

Figure 1. A flow diagram of the study.
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131 pain and numbness were 6.5 and 6.8, respectively. These
132 decreased to 3.9 and 3.4, respectively, at 36 months, mostly
133 in the operated sub-group.
134 There was no statistical difference in the initial pain score
135 (p = 0.934) or subsequently at follow-up (p = 0.901) between the
136 successful and failed treatment groups. Similarly, there was no
137 statistical difference in the numbness scores between the two
138 groups at baseline (p = 0.175) and at 36 months (p = 0.618).
139 Table III demonstrates the degree of patients’ satisfaction
140 with their treatment. The mean score for all 30 patients at
141 36 months was 8.0 out of 10 (with 10 being most satisfied).
142 Of the 13 patients who had successful treatment with wrist
143 splinting, one did not complete the questionnaire. In the remain-
144 ing 12, the mean score was 9.2 out of 10.
145 Patients who failed conservative treatment had an overall
146 satisfaction rating of 7.1, which was lower than the successful
147 group and was statistically significant (p < 0.05). In addition,
148 patientswhoweresuccessfullytreatedwithwristsplintingreported
149 a higher level of satisfaction (9.2) compared to those who failed
150 conservative treatment and subsequently needed surgical decom-
151 pression (8.1). Patients with failed splint treatment but who could
152 still not commit to surgery were the least satisfied (1.0).
153 Patients who were dissatisfied with their splint treatment but
154 could still not commit to surgery after 33 months had, unsur-
155 prisingly, experienced worsening in the level of numbness
156 (Table II). Their mean post-treatment score for numbness
157 increased to 4.3 from a baseline of 3.3. Interestingly, their
158 mean score for pain improved slightly from 4.7 to 4.3 (Table I).

159Discussion
160Our results demonstrate that 52 of 75 patients referred to our
161clinic with CTS were satisfied following 3 months of wrist
162splinting alone and13 of 30 patients followed up at 33 months
163after splinting treatment had good long-term results, both in
164terms of symptomatic relief and satisfaction. There does not
165appear to be a significant difference in pain or numbness
166between patients who were successfully treated with splints,
167compared with those who subsequently chose to undergo
168surgical decompression.
169A previous study by Povlsen and Raymond [2] had shown
170that GP’s are usually correct in clinically diagnosing CTS. Yet, a
171study byWildin et al. [1] showed that there had been an increase
172in CTS referrals from GPs, and another by Burke et al. [5]
173highlighted that, among patients referred to specialist clinics
174with CTS, only 22.8% had received any prior non-
175operative treatment from their GPs. Many treatment modalities
176have been suggested for CTS, including the use of wrist splints,
177local steroid injection, oral steroid, and surgical decompression
178[6-11]. Previous studies have shown varying success rates in
179using these treatment options in isolation or in combination,
180with limited evidence for long-term success [4,6,11,12].
181While surgical decompression of the carpal tunnel is indi-
182cated for severe cases, this has associated risks such as allodynia
183and neurovascular complications [13-15]. There is a recent trend
184in offering “One-stop” CTS clinics where patients are assessed
185by surgeons and neurophysiologists, following which those with
186confirmed CTSwould have same-day surgery [16,17]. Although

Table I. Patient reported mean pain scores at presentation and 33-month after wrist splint treatment between successful and failed treatment
groups.

Pain (VAS 0–10)
All patients
(n = 30)

Treatment success,
wrist splint only
(n = 13)

Treatment failed

All treatment failures
(n = 17)

Undecided on surgery and
dissatisfied with treatment (n = 3)

Wrist splint and
subsequent surgical
decompression (n = 14)

At presentation 6.4 6.3 6.5 4.7 6.8
At 33-months after
wrist splint treatment

3.8 3.8 3.9 4.3 3.8

Table II. Patient reported mean numbness scores at presentation and 33-months after wrist splint treatment between successful and failed treatment
groups.

Numbness
(VAS 0–10)

All patients
(n = 30)

Treatment success,
wrist splint only
(n = 13)

Treatment failed
All treatment
failures
(n = 17)

Undecided on surgery and
dissatisfied with treatment (n = 3)

Wrist splint and
subsequent surgical
decompression (n = 14)

At presentation 6.2 5.4 6.8 3.3 7.4
At 33-months after
wrist splint treatment

3.1 2.7 3.4 4.3 3.2

Table III. Patient reported mean satisfaction scores 33-months after wrist splint treatment between successful and failed treatment groups.

Satisfaction
(VAS 0–10)

All patients
(n = 30)

Treatment success,
wrist splint only
(n = 12*)

Treatment failed

All treatment failures
(n = 17)

Undecided on
surgery and dissatisfied
with treatment (n = 3)

Wrist splint and
subsequent surgical
decompression (n = 14)

At 33-months after
wrist splint treatment

8.0 9.2 7.1 1.0 8.1

*One patient did not complete satisfaction rating.

Long-term outcome ofAQ2 splint treatment for CTS 3
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187 this is targeted at alleviating the pressure on waiting lists, it is
188 reported that the surgical complication rate could be as high as
189 21% [16].
190 In concordance with other studies [18-23], we thereby
191 recommend wrist splinting as first line treatment for patients
192 with all but the severest symptoms of CTS, in order to protect
193 patients from the potential risks relating to decompression
194 surgery and optimally manage secondary care resources. Those
195 who are suspected to have CTS should be trialled with wrist
196 splints by their GPs prior to their referral to the specialist clinics.
197 For patients who were happy to continue with the wrist splints
198 after the initial 3 months stage, the chance that this treatment
199 alone would provide a satisfactory outcome could be as high as
200 43% after 3 years. However, it is also important to note that, in
201 those who then demonstrate worsening levels of numbness,
202 persevering with wrist splinting is likely to lead to dissatisfac-
203 tion, and surgical decompression may be a more appropriate
204 option at this stage.

205 Limitations of study
206 We acknowledge that there are limitations in this prospective
207 cohort study. There were 22 patients lost to follow-up and this
208 may have had an impact on the overall success rate of the
209 treatment assuming that all missing patients had failed their
210 treatment the revised success rate of splint treatment would drop
211 from 43% to 25% after 3 years. Additionally, our questionnaire
212 was developed within the department and therefore patient
213 outcome evaluation was based on subjective findings. However,
214 as all of these patients had CTS based on primary clinical signs
215 with only a few needing nerve conduction studies, and the aim
216 was to mirror resources immediately available to GP and in
217 clinics, we feel that VAS was appropriate and adequate in this
218 setting.

219 Conclusion
220 These results are the first to demonstrate the long-term success
221 rate of wrist splinting in CTS, and they further support the
222 recommendation that patients with signs and symptoms of CTS
223 should have their initial management commenced at the Primary
224 Care stage where they should be provided with wrist splints and
225 booked for follow-up in order to review the clinical progress. If
226 there is evidence of improvement in symptoms, conservative
227 management can be continued. However, if the symptoms
228 persist or worsen, patients can then be referred to hand surgery
229 clinics for specialist consultations. This pathway that we pro-
230 pose is most likely to improve cost-effectiveness and reduce
231 waiting times for specialist hand clinics.

232 Declaration of interest: The authors report no conflicts of
233 interest. The authors alone are responsible for the content
234 andAQ5 writing of the paper.

235 References
236 [1] Wildin C, Dias JJ, Heras-Palou C, et al. Trends in elective hand
237 surgery referrals from primary care. Ann R Coll Surg Engl 2006;
238 88:543–6.
239 [2] Povlsen B, Raymond A. GP diagnostics and splint treatment of
240 Carpal Tunnel Syndrome and Trapeziometacarpal Arthritis. Bull
241 R Coll Surg Engl 2012;94:1–2.

242[3] Gerritsen AA, Korthals-de Bos IB, Laboyrie PM, et al. Splinting
243for carpal tunnel syndrome: prognostic indicators of success.
244J Neurol Neurosurg Psychiatry 2003;74:1342–4.
245[4] Marshall S, Tardif G, Ashworth N. Local corticosteroid injec-
246tion for carpal tunnel syndrome. Cochrane Database Syst Rev
2472007 AQ6; :CD001554.
248[5] Burke FD, Bradley MJ, Sinha S, et al. Primary care management
249of patients with carpal tunnel syndrome referred to surgeons: are
250non-operative interventions effectively utilised? Postgrad Med J
2512007;83:498–501.
252[6] Baysal O, Altay Z, Ozcan C, et al. Comparison of three
253conservative treatment protocols in carpal tunnel syndrome.
254Int J Clin Pract 2006;60:820–8.
255[7] Chang MH, Ger LP, Hsieh PF, Huang SY. A randomised
256clinical trial of oral steroids in the treatment of carpal tunnel
257syndrome: a long term follow up. J Neurol Neurosurg Psychiatry
2582002;73:710–14.
259[8] Graham RG, Hudson DA, Solomons M, Singer M. A prospective
260study to assess the outcome of steroid injections and wrist
261splinting for the treatment of carpal tunnel syndrome. Plast
262Reconstr Surg 2004;113:550–6.
263[9] Hui AC, Wong SM, Tang A, et al. Long-term outcome of carpal
264tunnel syndrome after conservative treatment. Int J Clin Pract
2652004;58:337–9.
266[10] Piazzini DB, Aprile I, Ferrara PE, et al. A systematic review of
267conservative treatment of carpal tunnel syndrome. Clin Rehabil
2682007;21:299–314.
269[11] Ucan H, Yagci I, Yilmaz L, et al. Comparison of splinting,
270splinting plus local steroid injection and open carpal tunnel
271release outcomes in idiopathic carpal tunnel syndrome. Rheu-
272matol Int 2006;27:45–51.
273[12] Ettema AM, Amadio PC, Cha SS, et al. Surgery versus con-
274servative therapy in carpal tunnel syndrome in people aged
27570 years and older. Plast Reconstr Surg 2006;118:947–58.
276discussion 59–60.
277[13] Povlsen B, Tegnell I. Incidence and natural history of touch
278allodynia after open carpal tunnel release. Scand J Plast Reconstr
279Surg Hand Surg 1996;30:221–5.
280[14] Povlsen B, Tegnell L, Revell M, Adolfsson L. Touch allo-
281dynia following endoscopic (single portal) or open decom-
282pression for carpal tunnel syndrome. J Hand Surg Br 1997;22:
283325–7.
284[15] Stutz N, Gohritz A, van Schoonhoven J, Lanz U. Revision
285surgery after carpal tunnel release–analysis of the pathology
286in 200 cases during a 2 year period. J Hand Surg Br 2006;31:
28768–71.
288[16] Ball C, Pearse M, Kennedy D, et al. Validation of a one-stop
289carpal tunnel clinic including nerve conduction studies and hand
290therapy. Ann R Coll Surg Engl 2011;93:634–8.
291[17] Jarrett ME, Giddins GE. Direct access carpal tunnel surgery.
292J Bone Joint Surg Br 2003;85:869–70.
293[18] Duncan KH, Lewis RC Jr, ForemanKA, NordykeMD. Treatment
294of carpal tunnel syndromebymembers of theAmericanSociety for
295Surgery of the Hand: results of a questionnaire. J Hand Surg Am
2961987;12:384–91.
297[19] Gelberman RH, Aronson D, Weisman MH. Carpal-tunnel syn-
298drome. Results of a prospective trial of steroid injection and
299splinting. J Bone Joint Surg Am 1980;62:1181–4.
300[20] Hamada Y, Ide T, Yamaguchi T. Results of conservative and
301operative treatment of carpal tunnel syndrome. J Jpn Soc Surg
302Hand 1985;2:156–9.
303[21] Kaplan SJ, Glickel SZ, Eaton RG. Predictive factors in the
304non-surgical treatment of carpal tunnel syndrome. J Hand Surg
305Br 1990;15:106–8.
306[22] Kruger VL, Kraft GH, Deitz JC, et al. Carpal tunnel syndrome:
307objective measures and splint use. Arch Phys Med Rehabil
3081991;72:517–20.
309[23] Quin CE. Carpal tunnel syndrome: treatment by splinting. Ann
310Phys Med 1961;6:72–5.

4 B. Povlsen et al.

SPLA_A_837392.3d Monday, 2nd September 2013 19:15:19

www.ncbi.nlm.nih.gov/pubmed/17059713?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17059713?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12933954?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12933954?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17443508?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17443508?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17621622?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17621622?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17621622?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16704676?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16704676?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12438475?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12438475?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12438475?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14758217?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14758217?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/14758217?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15161116?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/15161116?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17613571?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/17613571?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16871409?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16871409?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16871409?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16980856?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16980856?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16980856?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8885019?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/8885019?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9222910?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9222910?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/9222910?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16257100?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16257100?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/16257100?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22041242?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22041242?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/22041242?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/12931808?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/3584886?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/3584886?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/3584886?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7000789?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7000789?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/7000789?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2307866?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2307866?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2059127?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/2059127?dopt=Abstract
www.ncbi.nlm.nih.gov/pubmed/13738720?dopt=Abstract

	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Limitations of study

	Conclusion
	Declaration of interest
	References

