
519

NEURAL REGENERATION RESEARCH www.nrronline.org

RESEARCH ARTICLE

Surgical treatment for severe cubital tunnel syndrome 
with absent sensory nerve conduction

*Correspondence to: 
Zhen Dong, MD, PhD, 
dongzhenhsh@163.com.

orcid: 
0000-0003-4433-5171 
(Zhen Dong)

doi: 10.4103/1673-5374.245479

Received: November 6, 2017  
Accepted: June 25, 2018        

Jin-Song Tong1, 2, 3, Zhen Dong1, 2, 3, *, Bin Xu1, 2, 3, Cheng-Gang Zhang1, 2, 3, Yu-Dong Gu1, 2, 3  
1 Department of Hand Surgery, Huashan Hospital, Fudan University, Shanghai, China
2 Key Laboratory of Hand Reconstruction, Ministry of Health, Shanghai, China
3 Shanghai Key Laboratory of Peripheral Nerve and Microsurgery, Shanghai, China 

Funding: This study was supported by the National Natural Science Foundation of China, No. 81371374 (to ZD). 

Abstract  
For severe cubital tunnel syndrome, patients with absent sensory nerve action potential tend to have more severe nerve damage than those 
without. Thus, it is speculated that such patients generally have a poor prognosis. How absent sensory nerve action potential affects surgi-
cal outcomes remains uncertain owing to a scarcity of reports and conflicting results. This retrospective study recruited one hundred and 
fourteen cases (88 patients with absent sensory nerve action potential and 26 patients with present sensory nerve action potential) under-
going either subcutaneous transposition or in situ decompression. The minimum follow-up was set at 2 years. Primary outcome measures 
of overall hand function included their McGowan grade, modified Bishop score, and Disabilities of the Arm, Shoulder, and Hand Ques-
tionnaire (DASH) score. For patients with absent sensory nerve action potential, 71 cases (80.7%) achieved at least one McGowan grade 
improvement, 76 hands (86.4%) got good or excellent results according to the Bishop score, and the average DASH score improved 49.5 
points preoperatively to 13.1 points postoperatively. When compared with the present sensory nerve action potential group, they showed 
higher postoperative McGowan grades and DASH scores, but there was no statistical difference between the modified Bishop scores of the 
two groups. Following in situ decompression or subcutaneous transposition, great improvement in hand function was achieved for severe 
cubital tunnel syndrome patients with absent sensory nerve action potential. The functional outcomes after surgery for severe cubital 
tunnel syndrome are worse in patients with absent sensory nerve action potential than those without. This study was approved by the Ethi-
cal Committee of Huashan Hospital, Fudan University, China (approval No. 2017142).
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Chinese Library Classification No. R459.9; R605; R741

Graphical Abstract   

Absent sensory nerve action potential predicts  poor prognosis after surgery in patients with severe 
cubital tunnel syndrome

Introduction 
Electromyography has been widely used and plays an im-
portant role in diagnosing cubital tunnel syndrome. Elec-
tromyographic results facilitate the confirmation of the 

diagnosis and assessment of the severity of the disease (Lo et 
al., 2005; Logigian et al., 2014). Patients with absent sensory 
nerve action potential (SNAP) are believed to have more 
severe nerve damage than those who do not and it is rea-

Severe cubital tunnel syndrome

Inclusion criteria

Exclusion criteria

Eligible patients (n = 127)

Lost to follow-up  
(n = 13)

Included patients (n = 114)

Absent SNAP (n = 88) Present SNAP (n = 26) 

Conclusion

(1) Cubital tunnel syndrome, confirmed by electromyography;  
(2) McGowan grade III; 
(3) Minimum follow-up of 2 years.

(1) Revision patients; 
(2) Cervical radiculopathy; 
(3) Carpal tunnel syndrome or other peripheral neuropathies; 
(4) Concomitant conditions, such as diabetes mellitus. 

(1) Six patients could not be reached; 
(2) Three patients refused to participate in; 
(3) Two experienced ruptured extensor tendons; 
(4) Two experienced hemiplegia.

(1) Great improvement could be anticipated after surgical 
treatment for severe cubital tunnel syndrome with absent SNAP; 
(2) Absent SNAP predicts worse surgical outcomes for severe 
cubital tunnel syndrome.  
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sonable to speculate that these patients would have inferior 
outcomes after surgery.

Two studies (Matsuzaki et al., 2004; Taha et al., 2004) 
have analyzed the outcomes of surgical treatment of cubital 
tunnel syndrome with absent SNAP but no clear trend was 
found. Taha et al. (2004) conducted a retrospective review 
of 38 limbs and found that 20 limbs (53%) experienced 
improved sensory symptoms and 2 limbs (13%) achieved 
improvement in muscle strength, whereas Matsuzaki et al. 
(2004) reviewed 15 patients and concluded that satisfactory 
functional recovery can be expected, with numbness relieved 
in 14 hands (93.3%) and intrinsic muscle strength reaching 
grade 4 or 5 in 11 hands (73.3%). Owing to the scarcity of 
reports and conflicting results, how absent SNAP affects sur-
gical outcomes remains uncertain.

This study aims to evaluate the prognosis of severe cubital 
tunnel syndrome with absent SNAP and to compare surgical 
outcomes between patients with absent- or present-SNAP in 
severe cubital tunnel syndrome.
  
Subjects and Methods   
Subjects
This retrospective study recruited 114 patients who had un-
dergone surgical treatment for cubital tunnel syndrome in 
Huashan Hospital, China between May 2006 and September 
2015. This study was approved by the Ethical Committee of 
Huashan Hospital, Fudan University, China (approval No. 
2017142). All patients signed written informed consent.

Inclusion criteria were: (1) Cubital tunnel syndrome, 
confirmed by preoperative electromyography (American 
Association of Electrodiagnostic Medicine, 1999); (2) Mc-
Gowan grade III (profound sensory disturbance and motor 
weakness with severe intrinsic atrophy and abnormal finger 
crossing or claw hand deformity) (McGowan et al., 1950; 
Goldberg et al., 1989); (3) minimum follow-up of 2 years. 

Exclusion criteria were: (1) Revision patients; (2) cervical 
radiculopathy; (3) carpal tunnel syndrome or other periph-
eral neuropathies; (4) concomitant conditions such as ten-
don rupture, hemiplegia, hemodialysis or diabetes mellitus. 

Upon searching our departmental electronic medical re-
cord system, 127 patients who had undergone surgical treat-
ment for severe cubital tunnel syndrome in Huashan Hospital 
between August 2006 and December 2014 were identified as 
eligible. We made attempts to contact all eligible 127 cases, 
however, six patients could not be reached; 3 patients refused 
to participate; 2 experienced ruptured extensor tendons sec-
ondary to gouty arthritis; and 2 experienced hemiplegia sec-
ondary to cerebral infarction, leaving a final study cohort of 
114 elbows out of the 127 eligible cases (89.8%). A total of 88 
patients had absent SNAP and 26 patients had present SNAP. 

Diagnosis of cubital tunnel syndrome
Cubital tunnel syndrome was diagnosed based on clinical 
findings, with subsequent confirmation using electrophysio-
logical tests. All patients diagnosed with McGowan grade III 
cubital tunnel syndrome were recommended to have surgery 
immediately. Clinical findings included sensory disturbance 

in areas served by the ulnar nerve and motor dysfunction 
induced by intrinsic muscle atrophy. Electrophysiological 
tests included sensory and motor conduction velocity mea-
surements and needle electromyography assessments of the 
muscles innervated by the ulnar nerve. Two senior neurol-
ogists performed all electrodiagnostic studies following the 
guidelines of American Association of Electrodiagnostic 
Medicine (American Association of Electrodiagnostic Med-
icine, 1999). Electrophysiological data analyzed in this study 
include: motor nerve conduction velocity (MNCV) across 
the elbow, MNCV in the forearm segment, percentage de-
crease of MNCV from the forearm segment to the elbow 
segment, compound motor action potential (CMAP) above 
the elbow, CMAP below the elbow, conduction block, ab-
sent SNAP, absent motor nerve action potentials, and spon-
taneous activity (positive sharp waves and fibrillation poten-
tials) in the first dorsal interosseous, abductor digiti minimi, 
and flexor carpi ulnaris.

Preoperative baseline data
Preoperative data regarding demographic information and 
clinical characteristics were retrieved and extracted from 
the subjects’ electronic medical records. Age, sex, disease 
duration, surgical procedure, dominant hand, smoking 
and follow-up time were compared between the patients 
with absent SNAP and the patients with present SNAP. The 
Disabilities of the Arm, Shoulder, and Hand questionnaire 
(DASH) was used to evaluate preoperative overall function-
ality of the upper extremity.

Surgical procedures
In our institution, patients with elbow angular deformity 
(elbow osteoarthritis, cubitus valgus and posttraumatic el-
bows) underwent subcutaneous transposition (Huang et al., 
2015). For idiopathic elbows, the choice of either in situ de-
compression (Gervasio et al., 2005) or subcutaneous trans-
position was decided between the surgeons and the patients. 
Three senior hand surgeons performed all procedures using 
uniform techniques at a single institution.

Postoperative data acquisition
Postoperative data of interest included sensory function 
(pain), motor function (interosseous muscle strength), and 
overall function, which was assessed by their McGowan 
grade, DASH score, and modified Bishop score (Kleinman 
and Bishop, 1989; Nouhan and Kleinert, 1997). Pain was 
evaluated using a visual analog scale (VAS) at rest (Watts, 
2009), and present or absent residual pain were defined as 
the presence or absence of postoperative pain, respectively. 
Interosseous muscle strength was graded clinically using the 
British Medical Research Council Scale (MRC 0–5) (Seddon, 
1954). A lower McGowan grade, lower DASH score, higher 
modified Bishop score, lower pain VAS, and higher interos-
seous muscle strength all indicate better hand function.

Statistical analysis
Statistical analysis was performed using SPSS 23.0 software 
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(IBM, Armonk, NY, USA). Continuous data are expressed 
as the mean ± SD, and non-normally distributed data are 
expressed as Median (Q1–Q3). Grip strength and key-pinch 
strength are expressed as percentages of the contralateral 
hand. A comparison of normally distributed continuous 
data was performed using the independent samples t-test 
and paired t-test. For comparison of categorical data, the 
Pearson’s chi-square test was performed. The Mann-Whit-
ney U test and Wilcoxon rank sum test were performed 
to compare non-normally distributed continuous data. 
Spearman’s rank correlation test was applied to assess the 
correlation between preoperative electrodiagnostic data and 
postoperative outcomes (McGowan grade, modified Bishop 
score, and DASH score). Differences were considered statis-
tically significant if the P-value was less than 0.05.

Results
Number of participants 
There were 127 eligible patients but we were unable to fol-
low-up on 13 patients, leaving a final study cohort of 114 
elbows out of the eligible 127 cases (89.8%). We followed 114 
patients (88 with absent SNAP and 26 with present SNAP) for 
a mean of 51.4 months (50.0 months for absent SNAP group 
and 55.8 months for present SNAP group, P = 0.86) (Figure 1). 

Preoperative baseline data of the participants
Demographic and clinical information on all participants 
are summarized in Table 1. No significant differences exist-
ed between the groups.

Preoperative electrodiagnostic results
Electrodiagnostic results for all patients are listed in Table 2. 
The distribution in diagnoses by two neurologists across the 
two groups showed no statistically significant difference exist-

ed (78.5% vs. 75.5%, P = 0.71, Pearson’s chi-square test). One 
neurologist identified 51 cases with absent SNAP out of 65 pa-
tients with severe cubital tunnel syndrome and the other neu-
rologist identified 37 cases out of 49 severe syndrome patients.

Association between preoperative electrodiagnostic data 
and postoperative surgical outcomes
The association between electrodiagnostic data and postop-
erative surgical outcomes is presented in Table 3. Absent 
SNAP was associated with higher postoperative McGowan 
grade (P = 0.01) and higher DASH score (P = 0.02). No oth-
er significant correlation existed between preoperative elec-
trodiagnostic data and postoperative surgical outcomes.

Surgical outcomes for patients with absent SNAP
Surgical outcomes for patients with absent SNAP are listed 
in Table 4. Eighty hands (90.9%) experienced improvement 
in their VAS score for pain, including 40 hands (45.5%) 
without pain. Seventy-one hands (80.7%) regained at least 
MRC grade 3 interosseous muscle strength. Improvement 
of at least one McGowan grade was achieved in 71 cases 
(80.7%), including 22 hands (25.0%) where the extremities 
recovered fully. The other 17 extremities (19.3%) remained 
on grade III. Tests using the modified Bishop scoring system 
showed that 76 hands (86.4%) achieved good or excellent 
outcomes. Significantly reduced DASH scores indicated 
greatly improved function of the affected hand.

Comparison of surgical outcomes between patients with 
absent and present SNAP
The surgical outcomes are compared between patients with 
absent and present SNAP in Table 5. Patients with absent 
SNAP experienced more residual pain (54.5% vs. 30.8%, P = 
0.03) and weaker interosseous muscle strength (3.7 vs. 4.4, P 
= 0.001) compared with present SNAP. They also had higher 

127 eligible patients

Lost to follow-up (n = 13)

114 included patients

Present SNAP group (n = 26)Absent SNAP group (n = 88) 

Comparable baseline data

Primary outcome measures

Conclusion

1 Six patients could not be reached; 
2 Three patients refused to participate in; 
3 Two experienced ruptured extensor tendons; 
4 Two experienced hemiplegia.

Age, disease duration, procedure, and follow-up time

McGowan Grade, modified Bishop grade and DASH score

1 Great improvement could be anticipated after surgical treatment 
for severe cubital tunnel syndrome with absent SNAP; 
2 Absent SNAP predicts worse surgical outcomes for severe cubital 
tunnel syndrome. 

Figure 1 Study flow 
chart. 
SNAP: Sensor y ner ve 
action potential; DASH: 
Disabilities of the Arm, 
S h o u l d e r,  a n d  Ha n d 
Questionnaire.
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postoperative McGowan grade (P = 0.01) and higher DASH 
score (13.1 vs. 6.7, P = 0.02), but there was no statistical dif-
ference in the modified Bishop score (P = 0.15). Good or ex-
cellent outcomes according to the modified Bishop score were 
achieved in 86.4% of cases in the absent SNAP and 92.3% of 
the present SNAP group, but there was no statistically signifi-
cant difference (P = 0.42).

For patients with absent SNAP, 16 cases (18.2%) underwent 

in situ decompression, while 72 cases (81.8%) underwent 
subcutaneous transposition, and no statistically significant 
differences existed in terms of postoperative McGowan grade 
(P = 0.65), modified Bishop score (P = 0.46) or DASH score (P 
= 0.57).

Discussion
Currently, there is no consensus regarding the optimal sur-

Table 1 Demographics and clinical characteristics

Item Present SNAP group (n = 88) Absent SNAP group (n = 26) P

Age (mean ± SD, year) 61.4±11.2 58.8±12.2 0.36*

Sex [male, n(%)] 20(76.9) 70(80.2) 0.77†

Dominant hand [n(%)] 17(65.4) 53(60.2) 0.64†

Disease duration (mean ± SD, months) 14.4±23.9 22.7±36.0 0.31*

Smoking [n(%)] 7(26.9) 32(36.4) 0.37†

Procedure [n(%)]
In situ decompression 5(19.2) 16(18.2) 0.90†

Subcutaneous transposition 21(80.8) 72(81.8)
Follow-up, [Median (Q1–Q3), months] 40.5(30.5–79.0) 47.0(33.0–56.0) 0.86#

*Independent samples t-test; †Pearson’s chi-square test; #Mann-Whitney U test. SNAP: Sensory nerve action potential.

Table 2 Preoperative electrodiagnostic data 

Item Present SNAP group (n = 88) Absent SNAP group  (n = 26) P 

MNCV across the elbow (mean ± SD, m/s) 29.4±7.1 24.7±9.4 0.02*

MNCV below elbow to wrist (mean ± SD, m/s) 52.3±8.0 40.2±11.5 < 0.001*

Percentage decrease of MNCV (mean ± SD, %) 42.7±15.3 38.1±19.9 0.29*

CMAP above the elbow [median (Q1–Q3), mV] 4.1(1.9–6.6) 1.5(0.6–3.2) 0.00#

CMAP below the elbow [median (Q1–Q3), mV] 5.0(2.2–7.6) 1.5(0.7–3.5) < 0.001#

Conduction block [n(%)] 8(30.8) 19(21.6) 0.33†

Absent motor potentials [n(%)] 0  7(8.0) 0.14†

Spontaneous activity FDI [n(%)] 17(65.4) 82(93.2) < 0.001†

Spontaneous activity ADM [n(%)] 18(69.2) 78(88.6) 0.02†

Spontaneous activity FCU [n(%)] 6(23.1) 44(50.0) 0.02†

*Independent samples t-test; #Mann-Whitney U test; †Pearson's chi-square test. SNAP: Sensory nerve action potential; MNCV: motor nerve 
conduction velocity; CMAP: compound muscle action potential; FDI: first dorsal interosseous; FDI: first dorsal interosseous; ADM: abductor digiti 
minimi); FCU: flexor carpi ulnaris.

Table 3 Correlation between electrodiagnostic data and postoperative outcomes: Spearman’s rank correlation test

Item

McGowan Grade DASH Bishop score

rs P rs P rs P 

Absent SNAP –0.24 0.01 –0.21 0.02 –0.14 0.15
MNCV across the elbow –0.07 0.48 –0.06 0.55 –0.13 0.19
MNCV below elbow to wrist –0.11 0.27 –0.02 0.82 –0.06 0.54
Percentage decrease of MNCV 0.01 0.90 0.09 0.34 0.08 0.37
CMAP above the elbow –0.04 0.68 –0.01 0.90 0.03 0.78
CMAP below the elbow 0.04 0.67 0.06 0.53 0.10 0.29
Conduction block 0.02 0.88 0.07 0.45 0.03 0.78
Absent motor potentials –0.04 0.69 –0.05 0.60 –0.04 0.68
Spontaneous activity FDI 0.12 0.19 0.15 0.12 0.17 0.07
Spontaneous activity ADM 0.01 0.88 0.01 0.90 0.10 0.30
Spontaneous activity FCU 0.08 0.41 0.03 0.73 0.04 0.64

SNAP: Sensory nerve action potential; MNCV: motor nerve conduction velocity; CMAP: compound muscle action potential; FDI: first dorsal 
interosseous; ADM: abductor digiti minimi; FCU: flexor carpi ulnaris; rs: correlation coefficient.
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gical procedure for severe cubital tunnel syndrome. Many 
studies have advocated submuscular transposition to treat 
severe compression, on the other hand, in situ decompres-
sion and subcutaneous transposition have also been found 
to achieve satisfactory outcomes in severe cases (Pasque and 
Rayan, 1995; Nouhan and Kleinert, 1997; Dellon and Coert, 
2003; Mortazavi et al., 2008; Karthik et al., 2012; Tong et 
al., 2017). In a randomized, prospective study on surgical 
treatment for severe ulnar nerve neuropathy, no difference 
was found between simple decompression and submuscular 
transposition regarding clinical or electrophysiological out-
comes (Gervasio et al., 2005).

Currently available studies report controversial results 
regarding surgical treatment for severe cubital tunnel syn-
drome with absent SNAP. Some possible reasons for these 
divergent results could be the short-term follow-up and 
small number of patients. Taha et al. (2004) conducted a ret-
rospective review of 38 limbs (27 McGowan grade II and 11 
McGowan grade III), in situ decompression for 21 limbs and 
subcutaneous transposition for 17 limbs. They found that 20 
limbs (53%) experienced improved sensory symptoms and 
2 limbs (13%) achieved muscle strength improvement, how-
ever, some patients’ follow-up lasted as short as 3 months, 
which would greatly bias the outcome evaluation (Taha et 
al., 2004). Matsuzaki et al. (2004) reviewed 15 patients with 
absent SNAP and severe intrinsic muscle atrophy, submus-
cular anterior transposition, medial epicondylectomy and 
subcutaneous anterior transposition were used in 5 patients 
retrospectively, and they concluded that satisfactory func-
tional recovery can be anticipated, with numbness relieved 
in 14 hands (93.3%) and intrinsic muscle strength reaching 
grade 4 or 5 in 11 hands (73.3%). Their study used only 15 
patients, which would also bias the overall outcome evalua-

tion (Matsuzaki et al., 2004). In the present study, following 
in situ decompression or subcutaneous transposition, great 
improvement was expected for patients suffering from se-
vere cubital tunnel syndrome with absent SNAP, and no 
statistically significant difference existed between these two 
surgical procedures. 

There has been no agreement on the prognostic value of 
preoperative electrodiagnostic results. Some researchers 
have proposed that MNCV, distal motor latency, conduc-
tion block and CMAP amplitude can be predictors of surgi-
cal outcome, while other reports indicated that preoperative 
electrophysiological findings had no association with sur-
gical outcomes (Novak et al., 2002; Schreuders et al., 2004; 
Gervasio et al., 2005; Yamamoto et al., 2006; Friedrich and 
Robinson, 2011; Huang et al., 2015). 

There had been no single study that compared surgical 
outcomes between patients with absent SNAP and present 
SNAP. In this study, we found that absent SNAP was as-
sociated with worse surgical outcomes in sensory function 
(pain), motor function (interosseous muscle strength), and 
overall recovery (postoperative McGowan grade and DASH 
score) than in present SNAP patients. Other electrodiagnos-
tic data, including MNCV across the elbow, percentage de-
crease of MNCV in the cubital tunnel, absent motor action 
potentials, CMAP amplitude above the elbow, conduction 
block, and spontaneous activity (fibrillation potentials and 
positive sharp waves) were not associated with postoperative 
outcomes (McGowan grade, Modified Bishop score, and 
DASH score). We conclude that absent SNAP predicts infe-
rior surgical outcomes for severe ulnar nerve compression. 

Patients with McGowan grade III present profound sen-
sory disturbance and severe intrinsic atrophy. Considering 
that all our patients were McGowan grade III with compara-

Table 4 Surgical outcomes for severe cubital tunnel syndrome with 
absent SNAP

Items Preoperative Postoperative P 

VAS pain score [median (Q1–
Q3), scores]

8.0(7.0–9.0) 1.0(0–3.0) < 0.001&

Interosseous muscle strength 
[median (Q1–Q3), scores]

1.0(1.0–2.0) 4.0(3.0–4.8) < 0.001&

McGowan [n(%)] < 0.001&

0 – 22(25.0)
I – 3(3.4)
IIa – 23(26.1)
IIb – 23(26.1)
III 88(100.0) 17(19.3)

DASH (mean ± SD, scores) 49.5±10.2 13.1±12.2 < 0.001††

Modified Bishop Score [n(%)]
Excellent – 47(53.4)
Good – 29(33.0)
Average – 9(10.2)
Poor – 3(3.4)

&Wilcoxon rank sum test; ††paired t-test. SNAP: Sensory nerve action 
potential; VAS: visual analog scale; DASH: Disabilities of the Arm, 
Shoulder, and Hand Questionnaire.

Table 5 Comparison of surgical outcomes between patients with 
absent and present SNAP

Items
Present SNAP 
group (n = 26)

Absent SNAP 
group (n = 26) P 

McGowan grade [n(%)] 0.01&

0 12(46.2) 22(25.0)
I 3(11.5) 3(3.4)
IIa 4(15.4) 23(26.1)
IIb 6(23.1) 23(26.1)
III 1(3.8) 17(19.3)

DASH [Median (Q1–
Q3), scores]

4.6(2.5–9.6) 8.8(3.3–22.1) 0.02#

Modified Bishop score 
[n(%)]

0.15&

Excellent 18(69.2) 47(53.4)
Good 6(23.1) 29(33.0)
Average 2(7.7) 9(10.2)
Poor 0 3(3.4)

#Mann-Whitney U test; &Wilcoxon rank sum test. SNAP: Sensory nerve 
action potential; DASH: Disabilities of the Arm, Shoulder, and Hand 
Questionnaire.
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ble baseline characteristics, a significant difference still exists 
between the absent and present SNAP groups in their surgi-
cal outcomes. This suggests that the broad McGowan grade 
III might be subdivided. It is reasonable to propose that 
absent SNAP indicates a more severe stage of the disease 
and could be used as a criterion for subdivision. At this stage 
we note that our study was retrospective and preoperative 
measurements such as grip strength, key-pinch strength and 
two-point discrimination were not routinely conducted. The 
objective data defining the exact loss of sensory and motor 
function to support this point would be the subject of a pro-
spective study. 

There are some limitations for this study. First, given the 
retrospective design, and 13 patients lost in follow-up, the 
potential for selection bias and recall bias were present. Sec-
ond, the preoperative data were extracted from our hospital 
electronic medical record system, and not collected under 
controlled conditions, which could result in statistical error. 
Some preoperative measurements such as grip strength, key-
pinch strength and two-point discrimination were not rou-
tinely conducted. This meant that the baseline data defining 
the exactly preoperative loss of sensory and motor function 
of these two groups was not completely comparable.
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